
Table 1b. Acute Toxicity ui' Selenium ta Saltwater Animals 

599Ha&& S, U Selemous 30 - 599 C~trhnI986 
( t ~ %  acld 
M~imogcmnmrs 
mnl&na(s 

Sbepshead minnow S, U Selemom 6,700 tjertnwller ef al 
fiuvcrrile], acid 1981 
Cyrinodon vurfegahrs 

Axopcctm irrodjnns 

Pnclfic oyster S, U Selemm 33 79 ~ 1 a . w  ~ijllckstem1978; 
(embryo). ox& Mnrttnet a1 1981 
C*rn~wostreagigas 

F, M Setenims 15-20 f,SMf 1,500 U r ~ del a1 1981 
acid 
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Table Ib. Aeute Toxicity of Selenium to Saltwater himoth (continued) Tnble 2mt Ranked Freshwater Genus Mean Acute Vdum 

N m  her of Acute 
Genus Mean SpeciesMem Valws used to 
Acute Value: 

Smciew 
Acute Vdue 
-.bLL. 

Calculate Specles 
Mean ti'e$uefi 

203,000 

42,500 

35,356 

35,000 

34,YI 4 

28,500 

26,100 

24,100 

24,008 

15,675 

I3&OO 

12,801 

12,600 

1 1,700 

11,2m 
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Tabk 2a. Ratrkcd Freshwater Genus Mean Acute Values (continued) Tabte 2s  Ranked Fretrhwater Genus Mean Acute Values (continued) 

Num bcr of Acute Nwn ba of Acute 
Genus Mean 
Acute Value 
0 

Species Mean 
Acute Value 
-i.&aLL 

Valms uxed to 
calculate Species 

Mean Valueb 

Genm Mean 
Acute b l u e  

Species Mean 
Acute Value 
_L14$4Jii 

Values used to 
Calculate Specla 

Mean Valueb 

15,596 6 

7,240 3 442,000 

10,488 2 193,NKI 

10,200 1 66,000 

9,708 5 63,C100 BluegtlL 
Lepornrs macrochinu 

7,710 1 56,493 

7,679 6 

6,500 1 

3,489 5 56,081 

2,209 8 53,454 

1,783 2 37,586 

1,700 1 26,900 

905 3 11 23,700 

1,987 1 20,000 

4 0 3  ti 4 
13,2I 1 

440 1 
12,282 

461.4 5 
7,300 

2,74 1 
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Tabh 28. Ranked Freshwater C&nuz Mean Acute Values (continued) 

N m  ber dAcuk 

a& 
Genus Mean 
Acute Value 
.A?&& Soecas 

Species Mean 
Acute Value-.lN&sL 

Vslues used to 
Calculate Speaes 

Mean Wyeb  

A q h p o d
Gammarus pseudolimnaeus 

2,4m 5 

3 2,073 Amphipod, 2,073 4 
HyeleZkz aaz&ca 

2 926 8 Cladmeran, 2,3 18 6 
Dapfwutrarnugna 

Cladmeran, 1,528 I 
Dapkma p u l a  

Cladmemn, 246 t 
D a p h a  pztltcana 

1 376 Cladoceran, 370 I 
Cc3neduahcr & b t ~  

'. Rankcd &an must reswnt  to m w t  sensitive based on Genus Mean Acute Value. Inclusion of 
"grenterthan" and " lesq Zhan"va1ues does not necessdy rmply a true rankmg, hut does dlow 
use of all genera for which dsb are avtvailabie so that the Fmal Acute Value ns not wvlecessarrly 
lowexed 

"rom Table la  
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Table 3b. Ranked Saltwater GenusMean Acute Values 

Number of Acute 
Genus EAem SpeclesMean Values wed to 
Acute Value Acute Value CRIculabe Species 

IrJail.'rb h4em Valueb -

l7,JN 17,350 

14,649 14,649 

>I 0,m 10,oI)o 

410,m 10,000 

9,725 9,725 

7,401) Sheepshed minnow, 7,400 
Cyppa'nadon vopiegahls 

4,400 4,600 

4,400 4,400 

3,497 W m  er flounder, 3,497 
Pamhchthys dentutus 

3,036 3,036 

1,900 Surf clam, 1,900 
Sptsda sola~ssma 

1,500 1,500 

1,331 2,110 

839 

1,200 1,200 

1,040 1,MO 

599 599 
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Mean Acute Values for Selenite and Gelenate.'Tabte 2b. Ranked Sdtwater Genus Meatr Acute Values Table 3a. h t i m  o f  Freshwater Speff~s 

Number of Acute Selmate 

Genus hiean Species ?&an Values used to Species ?dean 
Acute Value A~wttiValue Gd~ulate Spctes Acute Vdw 

Rank"- m Smies --hifean Valueb 

442,oOcl 

NA ' 

9,790 Striped bsss, 9,790 I 23,700 

"add from most resistant to mast smittve bmed on Genus Mean Acute Value Inclusionof NA 
"greaterthan'' md"less thm" values does not necewrIy mply a me ranking, but does atlow 
use of dl genera fur ~ h c hdata @resvarfsble su &at the Fmal Amte Value 1s not unnecessenly 
iowered NA 
From Table Ib. 

193,000 

Selenite 63,000 

m-
NA 

NA 

Salt water 
NA 

26,900 

56,081 

66,000 

53,454 

NA 

NA 

NA 

1 12,948 

P 
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Table 3a+ Ratios OF Freshwater Species Mean Acute Values for Sdenite and Sdenatc 
(continued). 

Selenite Seleneae 
Specres Mean Species Mean 
Acute t'alw Acute Value 
-bB!LL -b&!iL 

7,240 33,972 

10,488 47'p000 

f 0,200 NA 

9,708 37,586 

7JIO NA 

7,679 13,211 

6,500 NA 

3,488 2>460 

2,209 12,282 

1,783 N A  

1,700 7,300 

5505 3 2,118 

1,987 1,528 

403.6 NA 

440 376 

1161 4 2,073 

"Lanked from most ses~sfantto most sensrhve bwed on selenite Genus Mean Acute Value (frtrm Trable 28)
' Frtm Table l a  
WN ==NotAvailable 

Table 3b. Ratiosof Saltwater Species Mean A~wfeValues for Sdedte and Selenate. 

Seleni%e Sekmle 
Sensit~vlty 
Iiank from 

Spec1.s Evlervl 
Acute Value 

Specres htem 
Acute Value s eatra 


Renked from most rmstant to most sens~bveh e d  nnGenus Mean Acute Value (from Table 2b) 
From TsMe Ib 
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Freshwater 

, . O . L l n  
a 

Ranked Summary of Selenite GMAVs 
Saltwater 

Ranked summary of selemte G ~ I A V R  (saltwater). 

.."-- -- 
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Ranked Summary of Selenaile G 
Freshwater 

Ranked summary of wtenate GMAVs (fmhwater). 

Review and Analysis of Chronic Data 

Since the issuance of the 35587chronic criterion of 5 ,ccmsidwable infomtation has c m c  forth 

regarding Be route of exposure of selenium to aquatic wganism,s+ Studies have shown that d i d  is the 

primary route of exposure that controls chronic toxicity to fib, ate group considered to be the most 

smitivr: txr se!etliurn (Coyle et al. tW3;Hrniltw et a]. 195)RH:rmanu& et aal. 19%). Ckonic tmts in 

which test crrgmisms were exposed to selenium only thou& water and which have measured selenium 

in the tissue afthe test spciw hwe produced qmtionably low chronic values based on ihe tisue 

concmtrations. Some of these wakr-only expmurm have required aqueous cuncantrations of selenium 

of greater than 300 MA., to aitain body burdens suficienttoachieve a chronic response &at would have 

beeYn reached in the real world at aqueous cmcenBations apprmimably 330 times lower (Cleveland et al. 

1993; Gissel-Niels~nand Gissef-Nielsert1978). 

Because diet controls selenium chronic toxicity in the em/.ironmmt and water-only exposures require 

unrealistic aqueoua concenfratiom in order to dicit a chronic response, only studies in which test 

organisms were exposed tn selenium in their diet alone or in their diet and water were considered in the 

derivation of a chronic value, To be able to use the chronic study results, the measurements had to 

include selenium in the test specrim tissue. Both Labratory and field studies were wansidered in the 

revim process. Chronic studies reviewed w m  obtained through a literature search extending back to 

the fast revisioa review, fmm information supplied to U.S. FJA through the Notice of Data Availability, 

and wing the derenw cited in previous selenium criteria documents. 

Selaeeaon sfhledium for Expressing Chrdc  Criterion 

Whole-body tissue ccrmcentration oi:selenium an a dry weight bask. for species eliciting the chmnic 

response, was selected as the medium from which to base the ehronic criterion value. As discussed 

above, a water-bad crifeti5fi Ls not appropriate fw selenium because diet being themost important 

route of expagme for chronic toxicity. The option of basing the chronic criterion on dte conmntr&ttion of 

selmium in prey speck (that is, in the diet ofthe target specim), was considertd inappropriate for two 

reasons: t) the conmntra~on of selenium in fhe diet is an indirect memure of effech obsen.ed in the test 

species and is dependat on feedig behavior ofthe ta species, and 2) selection of what organism b 

sample to assws attainment of a criterion kitrased on diet iu problematic in the implementation of such a 

criterion. Sedimenthas also been proposed as a medium upon which to base the selmim chronic 

criterion (Cantos and Van Dervees 1997;Van Ikweer and Camton 1997$,but because of the patchiness 

of seltmium in sediment and an h ~ ~ c i e n tamount of data to support a causal link- between 
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concentrations of seoIenium in sediment and chronic &WS observed in fish (see Hamilton iutdI m t y  Se in whola body vs muscre 

1999, for a review), a sediment-based criterion w a ~not selected. 

Besides being a direct link to h n i c  endpoints, a tiesue-based criterion has the positive attribuks of 

integrating many sitespecific factors, such as chemical spciaticm and rses of transformation, large 

variations in temporal concentrations in water, types of organisms constituting the food chain, and rates 

of exchange between water, sediment. and organism? (Hamilton, in preparation; U.S.EPA 199%). 

Mihob-body tissue was selected over specific timw types, such as ovary, tiver, kidney or muscle because 

of practical reasons of sampling and because a sufficient data base containing chronic effects based on 

whole-body tiwue is present ipl the literature. Ovaries may be the best tissue to link sebmium b chrMEic 

effects because of its role in the matmal tmnsfer ofsefenium to eggs, and embryo-tawat devolafrmcnt 

being the most sensitive endpoint for clnonic effects. However, ovarian tissue is abo only avaitable $e in whale bady vs. ovary 

seaxmalty and sometimes difficult to =tract in quantities sufficient for analysis, especially in smaller 

fish species. Whole-body larval tissue is also not practical due to sampling and seasonal constraints. 

To increzlse the number of studies in which chronic effects could be compared with selenium 

concentrations in whole-body tisue, the retationship between selmiwn in whole-body was ccmpamd 

with ovary, liva and muscle tissues. Data from 12studies that sampled whole-body as well as muscles, 

ovary, or liver allowed the projection of whole-body concentrations as a positive, linear Eunction of 

cancentrations in these individual tissues. It was not poasibte to estimate such relationship for kidneys 

and carcass Irecause of insufficient data. Three species (rainbow Qout, bluq$ll sunfish and largttmouth 

basa) comprised over 95 percent ofthe data evaluated for these relationships. Se in whole body vs liver 

Rejections of whole-body concmtrations of selenium as a linear function of concentrations of this 

element in muscIes or ovaries appeared to he retiable (Figure 4; Appendix G; 8 values oft),%and 0.84, 

respectively: P 0.01 for both tatgj. Estimates from sdenium concentrations in liver were not as 

precise (r' = 0.619, but the relationship was still highly significant fP 0.01). Whew appropiate, 

whale-body selenium concentrations were estimated from selenium concentrations irt muscle, ovary and 

liver according to the following equations: a 20 4 0  so 89 too  720 t4c  

Sa kt tiver, pglg dw 

Figure4. Linear regmaions of selenium concentrations in all tkrrms (whole body) against 
concentrations in muscle, ovary and liver tissues. Data include multiple spcies offish. 
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Chronic studies that tqorted selenium ccrncentrations in tissues based on wet weight were converted to 

dry weight using a moisture content of 0-80(U.S. EPA 198%). 

Cdculadfon of  Chronic Values 

In aquatic toxicity tests, c l~ ron i~  values ace u w d y  defined as the geometric mean of the highest 

con~entrationof a toxic substance at which no a&me effect is observed (highest no observed adverse 

effect concentration, NOAEC) and the lowat concentration of the toxic mbstance that causes an advase 

effect (lowest observed adverse effect concentration L0AE.C). The significance of observed eEec$ is 

detenrmined by statistical tests comparing respunsm oforganiarns exposed to natural cmcentrations of the 

toxic substance {wntrol) against rapanses of organisms exposed to elevated conwnkations. h l y s i s  of 

varisaee is the mad common test employed for sach comparisons. This approach hawever, has itrj 

limitations, Since neither NOAEC or LON32 are known in advan- and the numbm of concentraliom 

that cart be tested is constrainedby lagistic and financial resources, abs-d effects of elevated 

concentrations may not permit accurate estimates of c h i c  values, For &tance, if all elevated 

coacmtrations h d  high adverse eRects or if h e  diffmence in comentrations between two significantly 

different treatments was farge, it would not be possible Lo defymeeither the NOAEC or L O S C  with 

precision. Furthemore, as the concentration of some substrtnres (e.g.,selenium) n ~ t u r d y  varies among 

ecosystems, a concentration tlut i ahow the normal range at one site, maybe within thc:nomai range at 

a different locatioa. In this approach to calculate chronic values, natural variation in concentrations of a 

substance: implies that cantrols are site specific, and thus multiple tests are needed to define the chronic 

value at different locations. 

An alternative approach to a l c~ la t r :  chmnic values focuse on the use of regreasion analysis to d d i m  the 

dose-response relationship. With a regression quzttion, which definm the level of adverse effects as a 

hnction of heraising concentrations ofthe toxic substance, it is possible to deternine the concmtration 

that causes a re1atively smdl eEiwt, for example a 5 to 30 percent duction in respome. A rLwfuctim of 

20 perant in the respome otrset.lred at control (EC,) was wed aa the chronic value became it represent.; 

a !ow level of &ect that is gmmally significantly diffemt fiom the wntr*i (1J.S. EPA 1999). Smatler 

reductiom in growth, swvhal, or &a mcIptrln%only randy can he detected statiaticafly. Effect 

iom have wid0 c:cahin& ban&, rnaklrag &em 

unreliable:for criteria derivation. Adverse effects are:generally modeled as a sigmoid fmction of 

increasing ccmcmCr8tions of the toxic subshce (Figure 5) .  

Dose-Response Relationship 

Figwe 5. Rducticzns in survival, growth or other responses of organisms are often modeted ;~sa 
sigmoid Eutction of increasing concentrations of selenium, or any other taxic substance. 

A fogistic regmssion was used to model negative effecb of increasing coacentrations of selenium on 

gowth, survival, cpr p m w t  of normal indkiduats (without deformities) afseveral aquatic species. The 

equations that det3cribed such functions were then useti to estimate the concentration that promoted a 26 

perccnt reduction in response observed at control Iweh (EC,,). These analyses were performed using 

the Toxic Effects AnafysisModel s o h a r e  (vemicm 0.02; R, Erichon, U.S. EPA Duluth). 

Only data sets that met the following conditions m e  included in h e  analysis: (I) the:experiment had a 

control treatment, which made it possible to define cespmse lwds at natural concentrations of selenium, 

(2) and at least four con~entrations of selenium, (3) The highest tested concentration of setenium caused 

>50 percent reduction relative to tfre control treatmonk and (4) at least one tesbd wcentration of 
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selenium caused 4%pement reduction relative to the m&cil treatment to m u r e  that he E C ,  was 

bracketed by tested concenkationa of selenium, When the response wds expressed as percmhg~s (e.g., one of two lab~atory-bard experiments [also see Bmet t  

percent survival), transformed values (arcsin ofthe square root) were wed to homo et al. 1986) that involved exposing algae fo seImium (in this case as s o d i m  selmate) in water, and 

subsequently feeding the atgae to ro&m which were in turn fed to fidt ((fathead minnows). In this 

M%en the data from an acceptable chmnic test met the conditiom for the:logistic re to &a? same wncen&a~rms of mdum selmate in the 

EC, was the preferred chronic value. When data did not meet the conditions, best scientific judgmmt water as the algae, but received additional selenium Ezm their diet (is., the algae fed to rotifen and the 

was used to determine the chronic value. In this case the chronicvalue is usuatiy the geometric mean of rotifm fed to fish). The overall exposure lasted fix 25 days. Rotifm did not grow well at 

the NOAEC and LOAEC. But when no treatment concentration was an NOAEC, the chronic value is concentrations exceeding 108.1 pg %/IJ in water, and the population survived only ti days at selenium 

leva than athe lowest tested concentration. And when no treatment concentration wag a LOAEC2the concentrations equal to m: greater than 202.4 pg SeiL in tile water (40 &g dw in the algae), Regression 

chronic value is greater than the highest tested concentration. analysis of mtr;msformed gowth data (dry weight) determined 4 day post-teat initiation resulted ina 

calculated EC& of 42.36 S d g  dw tissue (Table 4). 

Logistic regression assumes that a logistic modd describes the log dose-response curv~.For a visuaf 

display of such model, a togistic cuve with three parameters was fitted to each data set using nonlinear 

last-squares regression analysis (Drapm and Smith 1981). The logistic model w a  Hamilton et a1 . (tm)conducted a 90-day growth and survival study with swim-up larvae fed one of two 

different diets. The firrrt d s t  ~onsisted of Olr?gon moist pe'tids where over half of the salmon med was 

replaced with meal from selenium-laden mosquitofish ( G a m h ~ aaflmk) collected from the San Luis 

Drain, CA (SLD diet). The s w n d  diet was prepared by replacing half the salmon meat inthe Oregon
where x symbolizes the selenium concentration in the organism's tissues, y is the response of interest 

mokt pellets with meai from low-selenium mosquitofish (i,e., the same relatively uncontaminated 
(survival, gruwth. or reproduction), and yb a md b are modet parameters estimated by tlw regrwsion 

mogquitofish that were used in the control diet) and spiked with seleno-Dl-mcthioninc (Seble diet). 
analysis. The ~2parameter reepresmtq the rmponse of hterest at background levels of selmium, The 

Analysig of the trace ebm& composition in the ttto diffmnt diets indicated that while selenium was ate 
graphs also include the 95 percent confidence inbwal for projections of the logistic model. These t a b  

mast toxic element in the SLD diet, cmcentratiom of boron, chromium, iron and strontium in the high-
were performed in S-Plus version 6,0 (Insightful20011, 

selenium mosquitofi& rreplament diet (SLD diet type) were slightly elevated compared 60 the 

replacement diet composed of ancclntminated control mosquitofish that were spiked with organic
li:valnatlonof Freshwater Chrorrfc Dats for Each Species 

selenium (SeMr:diet type). Time trace eltnments were2 howwt3t:?only 1.2(e.g., iron) to 2.0 times (e.g., 
Acceptable freshwater chronic toxicity data are cumt ly  available for ;ui aquatic invertebrate 

chromium) higher in the SLD diet &an the SeMe diet, which contained Ute following measured 
(Bruclirunus ca~,w~Ioro~xs),six different fish spitss, and a mix of fish species h r n  the family 

concmtrations [dry wight basis) in the food: boron- 10 Mg; chromium-2.8 @g, iron- 775 jig&, and 
Centmrcbidae;total of 17 difkrettt studies {Table 4). Detailed summaries of each study are included in 

strontium-4-83Mg. 
Appendix H. Coffectively, only these &b were considerd for the derivation of a final tissue residue 

criterion for selenium, Below is a brief synapsis of the experimental dmim test dwation, relevant bst 
During Xhc test, theswvkral of control chinook salman trvae and larvae fed the latvest d i e t a ~selenium 

endpoints, and other critical information regarding the derivation of each specific chronic value. The 
concentrations in either dietary exposure type (SLD and Senife, respectively, cnnauming food at 

chronic toxicity values for other chronic seleuium toxicity values and endpoints are included in 
approximately 3 Sew'g h)csxcee$ed r 97 percent up to 60 dayi, post-terst initiation. k r n m n  60 and 90 

Appendix I?? d q s  of exposure, however, the control survival declined significantly. Therefore, only data collected up 

to 60 days post-test initiation was considered for analysis. Regreftsion analysis of untransformed growth 
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data aftier 60 days of exposure resulked in a ratc~lated EGOof 15.74 pg Sdg dw tissue for frsh fed the 

SLD diet type, and 10.47pg Se/g dw tissue for fish fed the SeMe d id  type (Table 4). Note. The 

mosquitrrkish from San Luis Drain were not tested for contaminants other than certain by elmen& 

suspected to be presmt in these fish. The San Luis Drain receives irrigation drainage from the grater 

San Joaquin Valley; and therefore, there is the possibility that the rnosquitog~h used in this study may 

have contained elevated levels of pesticides. The use of the SLD diet results assuintzs ha t  seimium, and 

not these other possible cantaminant3, was the cause of any adverse chronic effects. 

-Oncorh.wdr~qmvkm (r;tinbowQouQ 

Milton arid Hodqon (1983)reared jusenile rainbow trout on either a high ((25 percent) or low (1 percent) 

amifable carbohydrate diet supplemented with sodium selenite for 16 we&. Body weights, f&: 

ratios, and total moriillitit;~ were foilowed throughout the exposure wry 28 days. Tbsuea (iivers and 

kidneys) were extrackd for selenium analysis after 16 weeb. Fish fed the diets (low carhltydrate: and 

high carbohydrate) witb the highest selenium concentration ( I  1.4 and 11.8 pg/g dw food, respectively) 

exhibited a 45 to 48 percent reduction in body weight (expressed as kg per 100 fish) compared to control 

fish by the end of the exposure, which the authors attributed to f w d  avoidance, With only two d i e b y  

exposure concmtrations and a control. thew data were not amenable to regression analysis. The 

maximum acceptable toxicant concentration (MAX)for growth of juvenile rainbow trout relative to the 

final concentrations of selenium in liver tbsue of trout reared on the high carbohydrate seleniferrrus 

dietitry type is the geometric mean (GI@ of 21.0 pg/g dw (NOhEC) and 71.7 pgJg d v  (LOAEC), or 

38.80 pg igdg dw. Using the equation HI to convert the selenium concentration in liver tissue to a 

concerrtration of selenium in the whole-body, the MATC becomes 9.659 pg/g dtv (Tablie 4). The 

calculated MA'K for the same group of ~ ~ i m m t a lfish exposed to sefenium in the low carbohydrate 

diet for 3n additional 4 weeks based on the occurrence ofnqahcalcinosis in kidneys estimated to be 

10,42 pg Se/g dw tissue (see Hicks et at. 1984). 

Hilton et at. (1980) employed a similar test design as Hilton and Hodson (1983) in a later experiment to 

examine the narrow window at which selenium changes from an essential nutrient to a toxiant aEecting 

juvenile rainbow trout. The food msisted of a casein-tonria yeast diet supplemented with selenium as 

sodium selenite. The experiment lasted for 20 weeks. During &is time, the trout were ferd to satiation 3 

to 4 times per dev. 6 days per week with one feeding on the seventh d q ,  Organs (liver lPnd kidney) itnd 

carcasses were analyzed for selenium &om bh ~acr i f icdat 4 and 16 weeks. No p s s  l~ktopa-thologiml 

or physiological effects wet-e dete~ted in the fish, although trout raised mthe highest dietsly level of 
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sefenium (13.06 p.gg dw) had a sipificantb Iower body weight (wet basis), a higher fedga in  ratio, and 

higher number ofmcvrtalities (10.7; expressed as number per 10,U00 h h  days). The M A T  for growth 

and aunrival ofjuvenik rainbow traut relative to the final concentrations of sdmium in whole-body 

tissue estknated from the seledum concmtrstions measured in ttae liver using the equation III is the Ghd 

g dw tissue) and the LOmC (2231 pgfg dw tissue), or 14.72 pgig dw tissue 

(Tabfe 41, 

Oncorh~nctrusclarkz (cutthoat trout) 

No significant effects of bioaccumulatd seienium on mortalities and deformities in the eggs, larvae, and 

Ery from wild-caught cutthroat trout from a reference and mposed site (Fording River, British Cblumbia, 

Canada) w m  observed by Kennedy et at. (2000). T l ~ e  observations were made on eggs renred in weit 

water fram spawning age femala c;ollectsd from the two locatjong (N = 17and 20, respectively) and 

fertilized by one male collected at cacb she. The mean selenium content in muscle tissue from adult f ~ h  

was 2.4 pgig dw &sue for fifiahcollected from the refweme site, and 12.5 pg/g dw tissue for fish 

collected fram the Fording River. Using Equation I to convert the selenium concentration in muscle 

tissue ta a selenium concentration in the whofe-body, the chronic value for this species was e&m&xl to 

be 10.31 pglg dw parental fish tissue (see Table 4). 

Prmephalas promeMfghead ?&ntwsJ 
Chronic values for fathead minnows were derived from three Iaboratory-based studies and one merrocosm 

study (Table 4). Two of the ~aboratorystudies (Bennett et a t  1986 and Dobbs et al. 19%)involved 

exposing algae to selenium (either as sodium selenite or sodium sdenale) in water, and subsequently 

fading the algae to rotifers which were in turn M to fathead minnows. In the Bennett et al. (1986) 

study, larval Fathead minnows were fed control (cultured in &ambers without selenium containing algae) 

or selenium-contaminated rotifem (~~i tuped  in &ambers with selenium containing algae previously 

exposed to sodium selenite in the watar) in thrm separate experiments lasting 9 to 35 days. The differeat 

experiments were dhtinpuished by: 1) the day sdenium-laden mtifers were fmt fed, 2) the day selenium- 

taden rotifem were tast fed, and 3) the age of larvae at experiment tminatiun. The t'esuh h m  the three 

experiments reported by Bennett et d.(1986) were conflicting, 1.aval growth was significantly reduced 

at whole-hdy sefatium coneenfrations rangkg from 43.0 to 51.7 pgig dw tissue in the fmt two 

experiments (see Appendix H for conditions), but growth was not significantly reduced in larvae that had 

accumw13lted 6 I ,  1 pglg civv tissue in the &id experiment (Table 4). The geometric mean of these three 

vahw, 5 1,40 pdg dw. was considwed the chronic value for selenium for this test, 
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A similar test system was used by k b b s  et al. (IW),irr which ldnlal fathead mimows were axposed to 

the same concentrations of sodium selenate in the water as theit prey (rotifm), k t  also received 

additional selenium &om the consumption of -ifthe selrtaim-contaminaM rotifem, In this study, the 

fathead minnows did not flow wet1 at concentration8 exceeding 208.1 pg S d ,  ia walq  and they 

survived only to 11 dap  at selenium concentrations equal to or greater than 393.0 pgZ in the wata (75 

pg Sefgdw in the diet, ie., rotifem). The LOAEG for retarded growth (larval f i h  dry weight) in this 

study was ~ 7 3pgig dw tksue {Table 4). 

In contrast to the above laboratory-based fond chak studies, Ogle and Knight (1989) emmined the 

chronic effects of onIy elevated foodbwns: selenium on growth and reproduction of fathead minnows. 

Juvenile fathead minnows w m  fed a purified diet mix spiked with inorganic and orgdnic selenium in the 

following percentages: 25 percent sef enate, 50 percent selenite, and 25 percent selm-L-methionine. 

The pre-spawning exposure lasted 105 days using progeny of adult fathead minnows osiginaHy obtained 

from the Calumbia National Fishery Rmearch Laboratory, and those obtained from a commercial dsh 

supplier. M e r  &e 105 day exposure period, a single male and female pair from each of the respectiie 

treatment replicates were isolated and inspected fur spawning activity for 30 days following the fmt 

spawning event ofthat pair. There was no eEect from selenium on any of the regrodu~tive parmeters 

measured, including larval survival, at the dietary concentrations tested (5.2to 29.5 @g dw food). Sub-

samples of larvae from each brood were maintained for 14 days post-hatch and exhibited >87.4 percent 

survival, l'he pre-spawning adult fish fed a mean dietary lwei of 20.3 pg Sedg du. did exhibit a 

significant reduction in grow& compared to controls (16 pmmt reduction), whereas no &ect on growth 

occurred in the fish fed 15.2 pg/g dw. The whole-My chronic value, as det:mined by the GM of the 

NOREC and the LOAEC measured at 98 days post-test initiation, was 5.961 

The cl~rnnicvalue of 5.96 f pg!g dw dekrmked for growth after 98 d a y  of exposure to pre-spawning 

fatliead minnow aclults {Ogle md Knight, 1989)was approximately an order of magnitude lower than the 

$ro.csitll effmts to fahead minnow ohwrved in ett & al. (1986) and DoNs et af (1936). The length 

of exposure in the Ogle and Knight test was more than twice as long as eifher Ban& t,a!, or Dobh et 

a!., suggesting a longer duration usasneeded in order to detect any growth dects  h m  selenium. 

Howwer, survival of fame hatched from parents exposed to each ofthe five selenium treatmenb 

(including those in which growth was affected)was not affect&. 

Other studim (&son d aL. 1984; Brpon et al, 198%; Chyle et at. 1%3; Hemanub et al. 1%) have 

found fwwl defomltia and larval survival to be the mmt sensitive endpoint to fish. This atso appears 

true for fathead minnows. Schultz and Hermanu& ( 1990) examined the effea,~,of selenium in fathead 

minnow larvae tf.ansfmed from parentat fish (females), The ps~n ia l  fa'aXhwd minnows were originally 

exposed to selenite which was added to artificial sbams in a mesocosm study. The seimite entered the 

food web which contributed to qmurr: fiom the did. Spawning platforms were submerged into treated 

and control streams. The embryo samplm that were collected f m  (he streams were brought into the 

laboratory and reared in incubation cups which received stream water dosed with sodium selenite via a 

proportional diluter. Edma and Iordosis were observed in approximate$y25 percent of the larvae 

spawned and reared in natural water contahting t 0 pg SdL. Selmium residues in the ovaries offemales 

froom rha treated stream averaged 39.27 ggJg dw. Using equation I1 to convert the selenium concentration 

in the ovaries to a concentration of selenium in the whole-body, the chronic value for this species was 

e~ti.imate?dto be ~ 1 8 . 9 9&g dw ('Fahie: 4). 

Since Ogle and Knight reported tkat food in the higher selenium concentrations remained uneaten and 

fish were ohsewed to rejwt the fmd containing the higher selenium wncmtrations, the authom 

sugge~tedthat the decreased growth was caused by a reduced palatability ofthe seleniferous food items. 

This is a common obsmation abo noted by Hilton and Hockon (1983) and Hilton et al. (1980)and 

apparent in CoughIan and VelQ ( f 989). Given the no observed effect to larval survival and the apparent 

non-toxicologicateffect on growth in the Ogle and Knight study, the ShfCV for fathead minnows does 

nat include the 5.96 1pg/g dw c h i c  value. 

Applicsbb chronic data for bluegill suS ih  can be p u p &  according to fidd exposure versus bboratory 

exposure. In same field studies, chronic tolerance to selenium appears ta be much higha than in 

laboratory studia (Byson et al. 1%5a; Lwly  1993b). 

In the Bryson et af. (1984, 1985a) and Gillespie and Baumann (1986)studies, the progeny of females 

colIected fram a selenium contaminated reservoir, Hym Reservoir, Pemon County, NC and artificially 

crassed did not sunrive to swim-up stage, i ty~pectke of the origin of milt used for fertilization. 

Measwd waterborne s d a k m  concentratiom prior to the experiments ranged ffom 35 to 80 w/L. The 

whob-body tissue selenium wncentratiion in the female parent associatad with this high occurrence of 

mortality of hatched larvae was 43.321igig dw tissue, as reported by Bryson et a!. (l985a), and G 2 .I6 
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all ~wirn-uplarvae f r m  the Hyco Reservoir females were edematous, none of which survived swim-

up. Thew chronic eEect i.hsue v;tlue9 are in line with the BC, catcu4,zted for the O G G U Z T ~ G ~of 

deformities among juvenile a d  adult h h e s  &om the family Centtatchidw wlirxted from Belews Lake, 

S d g  dw (see h l y  W3b, 'Tabte 4). 

In contrasg the chronic effects threshold for larval sunrival in a combination laboratory waterborne and 

dietary selenium exposure (Coyfe et al. 193 ) ,  or aten a long-term mmocom exposwe (I4~;rmanuket al. 

19%), occurs at concentrations appmximately 3 times lower than &ose recorded above (TabIt:4). In the 

Coylr: et :ti. (19%) study, two-ywr old pond rewed bluegill s d ~ hwere exposed in h e  hboratoy to a 

nominal 10 pg SeiL in wata  (measured ulncentrations in respective dietary mtmcnte, rangittg &om 8.4 

to 2 1@I,) and fed (twice daily ad Itbrtmi) Oregon molst pellets containing increasing concentrations of 

sebno-L-methionhe. The Gsh were grown undw. thme bst conditions for 140 days, Spawning 

frequency, fecundity, and k h  were monitored aft:rsr 60 days when s p ~ w n b g  h g a n  20 OCOUT, 

There was no effect of the of the highat dietary selenium concentration (33.3 irg Selg dtv) 

in conjunction with waterborne seImium concenttations meragin f 1wiL on adult growth, condition 

factcn; gonadal somatic index, or the various rqmductjw endpin$ (Appendix H).The survival of 

newly hatched larvae, iiowever, was markedly reduad; otlly about 7 percent suwived to 5 days post- 

ltatch Regression atlalysip, on armin square root transformed fry sutvivaf data 5 days pmt-hatch rmulted 

in a calculated EC, d 8.95 pg Se/g dw t k s w  (Table 4). 

Hermanutz et al, (191)%),as corrmtnxf by Tan et at. (1999), exposed bluegill sunfih .to sodium selenite 

spiked into artifrrcizrl streams (nominal test con~wtrarions: 0,2.5, 10, and 30 pg SdE) which entered the 

food web, &us providing a simulated fir;Id-type exposure (waterborne and &&ry selenium e x p ~ w e ) .  A 

series of three studies were conducted over a 3 yeas period lasti anyvherc: h r n  I )  to 11months. 

Spawning activity was monitored in the stream, md embryo aad lawail obsmatiorrs were made In si& 

and Erom fertilized eggs thken firom the streams and incubated in egg cups in the laboratory, Nme of the 

adult bluegill exposed to &e highest c e n ~ n ~ r a t i o n  of selenium in the water (mean maasured 

concentration qua1 to 29.4 pgL)survived. hcidarce of edema, hemunhage, and lordosipl in the larvae 

incubated in egg cups and qmvned from fish exposed to 10 pg Set% were 10#,45 and 19 pe~eent, 

respectively (see Hemanutz 19% in Appendix H). Such health problems were not obwved in Imae 

from fish that not exposed to elevated cancenbations of selenium &mXrol batrrtent). Raterr of 

edema, hemorrhage, and fordosis occurrence in larvae (egg cup data) tiom fish exposed to 2.5 pg S& 

5 4 hlbrch 2002 Drafi 

exprimant, Study 111consis of Ule drlition rvf new adult bluegill to the same streams that received 

the 2.5,10 and 30 pg/L sodium selenite during prcrvim studi ,but with aU dming of selenite halted, 

fls cqmsed only to d i a t q  selenitlm prmmt in the food web ascmnlated selenium to 

setmiurn was alsn pcesmt 

b o a s t m t h i g  the importancr: of d id  on selenium ilccmul;ction. There were no effects (no effect on 

larval survival, 0 pexmnt d&mities, 0 percent hmouhaglng), on the bhegill progehy in Study fII wen 

&om fish that accumlatcd 11.7and 14.5 dw in the recovering 10 pg/L strcams, and 17.3 p@g dw in 

the recovering30 j@L h a m .  The lack of any effect iwi the Study JII larvae suggesb bluegill are more 

sensitive to a combined aqumw and dietary selenium exposwe than they are to dietary only selenium. 

Data fmmL m l y  (1993a) indicate that over-wintering fish may be more susceptibfe to the e%xh of 

waterborne arld d i a r y  selenium dus to increased emsitivity at low temperature. The authors exposed 

juvenile bluegill eunf"x8h in the Ihoratory to waterborne (1:1se1mite:setenate; nominal 3 pg Sefl,) and 

foodbone (seleno-L-methionine in Tetra%; nominal5 pg Sts/~rtw &d)selenium for 180 days Tests 

with a control and -treated fish wem run at 4'C and 20°C with biological m d  rrelmsnium measurements 

made m~ry60days. Survival, whabbody lipid emteat, and oxygm cansumptifin were unaflfected 

cmpated t~ control fish exposed at 20% (whole-body sdmiurn concentrations qua1 to 6 pg'g dw), 

w h a a s  fish exposed to the combinsfion low-lml waterborne and dietary setenium at /PCexhibited 

8igniR.cantIy elevated mortality (33.8 percat) relative to co~trofs (2.7 percerrt), 2nd exhibited 

sitgnific$ntly greater oxy ed iipid content, which atr: all indicative of an 

additional s&ma bad, The chronic value for juvenite bhregill sunfish exposed to waterborne and dietary 

selenium at 4'G was (73 p@g dw tksue. 
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suggesting tlre possibility of tolerance b u g h  phyiologleal or gatetic adaptation of the previous 

expos& bbluegilI population at Hyco Reservoir. 

Acquisition of tolerance to selenium has also been implied in fhe titeratwe for otber fish spwim. For 

exampb, Kmnedy et al. (2#QO)suggested that the c u t t h a t  trout collected fkom a &earn containing 13.3 

to 14 5 118 SeiLin the water column were tolerant at the cellular lml explaining their abifity to develop 

normalIy in the early life stages. Kennedy et al, rqortltxi the overall frequency of larval deformities in 

the exposed population was less than 1 percent, and in one fkh containing e g p  with 81,3 pglg dw, there 

were 0.04 percent pre-ponding deformities and 3.3 percent larval mortalities. Other than the Kennedy et 

at. study, tolerance tn selenium at the apparent most sensitive endpoint to fish, embryo-larva1 

deveiopment, has not been reported in the literature and ib reality is uncertain at this time.However, 

given the need to protect sensitive populations of species, the chronic values for the &tidies in which eggs 

and larvae were obtained from bluegill adults &at were exposed to elevated selenium fur multiple 

generations (i.e., Bryson et at. 1984.: Bryaon et al. l.985a; Giliespie and Baumann, 1986) were not 

inclmied ia the SMCV calcuiatiun. 

Adorme sax~tdrs(Striped bassf 

The only remaining appficable chronic value for selenium was determined &om a laboratory dietitry 

exposm conducted using yearling striped bass (CoughIan and Velte l989), During the experiment, the 

bass were fed contaminated red shiaem (38.6 pg Ser'g dw tissue) &om Belews Lake, NC (treated fish) or 

g o b n  qhiners with low levels of selenium (1.3 p@gdw tissue) purchased fnom a comme-rcial supprier 

(control fish). The test was conducted in so8 well water and tmted up to 80 days. f i r ing  the 

experiment, ail fish were fed to satjation 3 times per day. Controf fish grew well and behaved normally. 

Treated ftgh behaved lethargically, grew poorly due to a sipifi'icant reductiofi in appetite, and showed 

histologicat damage, all eventually leading to the death of the animal. The final seienium concentration 

in muscle of treated striped bass averaged Erom 17.50 to 20.00 pg/g dw tissue (assumitig 80 percent 

moisturr: contcnt), which was 3.2 to 3.6 times higher than the fmal selenium concentrations in control 

striped bass, which averaged 5.500 pg/g dw tissue. Using equation I to convart the selenium 

concentration in muscle tissue to a selenium conc~mtration in the whole-body, the chronic value for this 

species was debmined to be ~17 .50&g dw (Table 4). 

Fornulation of the F h d  Chronic Value (FCV) fur Selenium 

The lowest GMCtr in Table 4 is for blwgill, 95 pg/g dw whdo body, which ih~the geom~tricmean of 

chronic vague from thr; laboratory study of Ctryie et al, (1993), the taboratory study of Lemly (193a), 

and the macrocosm exposure study of H m a n u t z  et at. (19%). The "less than" values tabulated for 

Bqmn et at. (1984) and Gillespit: and Baumann (1986) for Hyco Reservoir bluegill did not contribute to 

this mean because Uley only indicate a chronic value in a range that includeti 9.5 pg/g dw" 

The Table 4 results for E3ryson et al. (198%) and L m i y  (199%) were abo not used irt calculating the 

bluegitl GMCV. Bryson et at. (198%) indicated a chronic value for fiyca Reservoir bluegill somewhere 

between 19.18 and 43.43 pg1g dw. Lmly (1993b), appearing in Table 4 under the category 

Gcntrarchidae, the family that includes bluegill, yielded a Belews t a k e  chronic EC20 of 44.57 pg/g dw, 

again substantially above the GbKV o f 9 3  pglg dw. It is not known whether historical expasure to 

elewted selenium mcentrations, such as occwrsd at %dews trike and Hyco Reservoir, dependably 

lead to this magnitude of increase in the chronic tolerarrce of resident fish. 

The Lemly (1993at) taboratory results, indicating a chronic value ~ 7 . 9pgig dw, are not cumplettely 

comparable to the other resuits used te calculate the bluegill GMCV, Lemly (193a) involved an 

additional mtu~a1stress, exposure to a winter low temperature of 4°C. This appeared to reduce the tissue 

conc~~tratilmassociated witb reduced survival. Because this stre39 occum mnually to one degree or 

another in nearfy alt the country, "theFCV was towered to 79 pgig dw. Mthuugh the litepnture contains 

little Information m the temperatun;-dependen= of selenium toxicity, ternly's study (further 

summarized in Appendix tf)was judged to be sufficiently d&itive to mei t  lowering the FCV. 

The Guidelines indicate &at the chronic criterion (in this case the FCV) ig intended to be a good mtimatc 

efthe threshold far unacceptable eEect. Ttte Guidelines point out that the threshold for unacceptabie 

affect does not equate with a threshold for any advent e%~ct,Some advene effoct;4, possibly even a 

small reduction in survival, growth, or repmduction, may occur at this threshold If bluegili is as 

smsitive as indicated by the lwrnly (1993a) results, a minw reduction in survival {compared to 

populations accumulating 1es:ssw concentrrttioats of sclmium or exposed to less severe winter 

temperatures) would occur at the FCV. Ncsvwthelas, other studies, thoge of Lemfy f 199%) and Bfvson 

et ai. (198Sa), sugge~tthat historidly exposed populations would not be as sensitive as the organisms 

studied by L m l y  (1993a). 
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The FCV may not nizessarity protect fish in artificial mvironmentswhere they ure exposed only via 

water and not via diet. If the organisms are provided with tin uncmttamhatrtd diet. &en exceedingfy high 

uater concentrations, possibly above the acute critetion, arcs needed to elicit &ects, but such effects may 

occur at tissue concentrations below the FCV (Cleveland et al. 19% Gissel-Nietsen and Gssel-Nielsen 

1978). This is not a practical timiltion, however, since watm-oniy aepsare: of sdcxrtiam ig not 

representative of the actual exposure of selenium to aquatic organisms in the mvirmment. 

Although this aquatic life criterian was not developed with the itrtmt of protecting terrestrial wiidlifk? the 

FCV 19 expected to hc protective of birds dependent on an aquatic f w d  chdin. Adverse &ects to 

waterfowl, shorebirds and piscivoms birds have &en associated with elevated selenium concentrations at 

several western locations, notably at Kwterson Rmervoir in the San Joaquin Valley, California (Burton 

et ai. 198%; Home 1991; Ohlendarf 1986; Ohlendarfet al. 19$6a$, Saki 1986a,bf. An effect level was 

determined in the laboratory by fleinz et al. (1987)through feeding adult mallards and their ducklings 

food that contained selenite or selmmethio~ine. The number of 21-day OMducklings per hm wax 9.7 

for the controls and 2.0 for the animals that received food containing 10 pg/g selmom&ionine. The 

treatmentsreceiving It) and 25 j&g selenite produced 8,1 and 02ducMing per hen, respectivafy, Food 

containing f 0 p@g selenomethionine resulted in nearly tm t ime  as much selenium br e 

containing 10 pg!g selenite. $elenome&ionine resulted inmore selenium in egg white than yolk, but the 

opposite was true for selenite. Adult mallards fed diets containing 10 pg/g se1meDL-mctfiionhe for 76 

days (Heinz and H o f i a n  f 998) displayed reduced htching success, mduced survival of ducklinp m d  

produced a higher percentage of deformititxi when compared b the control group. Adults exposed under 

controt conditions produced an average of 7.6 young per female, and 6.1prcmt of the embryos had 

deformities. Fmates fed 10 i"g/g selenomethioniae; produced an average of 2.8 young and 36.2 percent 

of the embryos had deformities. 

A way to estimate risk to birds is to wmpare the.FCV to e f f i t  levels derived for selenium in the did of 

pisci~orus birds. Opmko et at. (19%) derived cfrronic No Observed A h m e  Effect Levels ( N o a t )  
and Lowest Obsmed Adverse Efkct Levels (LOAEL) for three piscivom birds: belted kingfisher, great 

blue heron and osprey, using the mallard data generated by Heinz et 81. (1987). From the NOAEla and 

LOAELs, they mlcuIated the dietary concentration in food ofthe contaminant that would result in a dose 

equivalent to &e NOAEL and LOAEL (assuming no expornre throueJl other enviromentd media). The 

chronic values for these birds, including the GM of the two dietary tweb, are given in the following 

tabte: 

* ' . '  . '  ' , " '  

-7 

Dietaw Levels"for Sdenite I 

Dietary Levels" for Sei~omethionlne 

dietary level that wouid dietary level hat wouXd dietary level that would 
result in a dose result in a dose result in a dose 
equivalent to the equivalent to the equivalent to the 
NOAEL, pg'g dw h/WTC, &g dw 

a Converted f m  wet weight to dry weight using a moisture content of0.80 W.S. EPA l98Sb). 

Comparing the FCV with the dietary levels that would result in a dose quivatent to the MATC indicates 

piscivorus birds would be p b c h d  fromunacceptable eM'ects if their d id  {fish) is maintained or kept 

b l o w  the FGV. This assessment assumes that there is minimal exposure of selenium from other sources. 

Opresko et al. (1995) estimate the concentration of selenium in water needed to produce effects tit the 

NOhEL and l,OhEI, for these birds ranges from 6,800 to 8,700 p&, which is approximakly 1000 

times the concentration of watm in which fish woutd be approaching the ECV Iwel. Expasure of 

selenium to these birds through the inkke of water at 1,000times louw than the effect level twuld 

themfore be a minimal exposwe. 

FCV Reiative t5 Nabmi Background Levels of Seledm in Fish 

As an essential element, sdmium natural& occurs in all living things. Since selenium is found in all 

!&h, two questions arise. 1) How close is the FCV of 7.8itgi'g dw to natural background kweh in fish, 

and 2) bow frequently do natural selenium tissue conmtrakions exwed the FCV. The latter situation 

would pose problems in the implementation of the FCV act an ambient water quality criterion. 
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h part o f t l~e  Nationat Contaminant Blomonitcrring Progm, the LLS. Fish atld Wildlife Senice 

colbcted fish from 112 sites distributed evenly across the U.3, during 1979Uuulugh 1981 and measured 

several contaminants including selenium (Lowe et al. 1985). Sef.ertlim, measured in 991 hh 

representing 60 diEwent speciee, mnged from 0.3 to 10.5 Clgig dw and had an overall avera8e and Distributionof selenium concent 
standard deviation of f -9 * f .4pgig dw. 

in tlSGS's National Wabr Quality Aexwment (NAWQA) propam. NAWQA is intended to measure 

water quallty in a smpling of smalkr watershed$having Iutow~iland m. The categories of such land 

use gpan a wide range, and include residential, industrial, agilrutturd, and mixed,among othem The 48 

sites evaluated for this comparison excluded watershe& with land use li&d as anything other thin 

"refwace". h a n g  &we refwerace sites, whale body fish tisgue concentrations ranged from 0.7 ta 

9.83 t"L?/gdw and had an overall average and standard deviation of 2.99 -r: 1.96 

distribution of both these data setis indicates that the FCV would not be in the range of natwal 

background concentration for selenium in over 98 percent of fish collected across the tlnltrxf States 

(Figure 6; Appendix I). The FCV 1s therefore s&cientfy greater than nahiral selenium levels .that 

unavoidable exceectances of the miterion ate unlikely. in fish [pglg dw] 

-
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112sim across the United States, Frm Lowe et al. 1985. 
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The avaihble data for sefenhrn, a&ui td  wing the procedwes described in the "Guidelines for Deriving 

Numericat National Water Quality Criteria for the Prowtian of Aquatic Organisms and I%& Lkes'' 

(Stephan et ai, 1985) indicate that, except possibly where: an unusually gensitive species is important at a 

site, &altwi&er aquatic life should be protected ifthe coneentratim of selenium in whole-body fish tissue 

do- not exceed 7.9pg!g dry weight, and if the shart-m wefa P eont?enkationof selenium dissolved in 

the water seldom exceeds 185 pgL. 

Tho available data for selmkm, evaluated as above, indicate that saltwater aquatic life should likewiw 

be protpcted ifthe:short-term werage wnmbation of dissohed selenium seldom exceeds 12"f!L. If 

selenium is as chronically toxic to saltwater fishes as it h to frwhwater fishes,the status of the ftsh 

community should be monitored ifselatium exw& 7.9 irgig dw in the whole-body tissue of salt water 

fishae. 

Implementation 

As discwilsed in the tVater Quality Standmds Regulation (U.S. EPA I983b3, a wata quality criterion for 

aquatic life hm reguhtary f o m  only &er it as been adopted in a state or tribal water quality standard. 

Such a stttuldard spedfia a criterion for a pollutant that is ca~isttentwith a particular dekgnated me. 

With Chc cmcumnce of the U.S. EPA, state5 and tsi designate one or more uses fw each body of 

ent thereof and adopt cribria &at are consistent with the ayes (U,S EPA 1983c, 198%). In 

each stmdard, ilstate or tribe may adopt the nationaf oritmion (ifone exis&), or an adequately justified 

stabspcific or site-specific criterinn. 

Statespecific or site-spec$@ criteria may include not only criterion cconen&ations (U.S. EQA 1983~). 

but alm ahtte-specificor site-specific, and psssibIy tya1lut;znt-specit-ic, dnrations of averaging periods md 

frequencies of aflowtd etxcursiiclns (U.S. EPA 1%5c), Recause thc chronic criterion is titwe-baed for 

sehium, the averaging period ody  applies to the a& criterion, which ir defined as a sho+tm 

average$ based an the nature of rhe toxicity tats used for its derivation, and the sped at which effects 

may occur in rtuch tests. Implementation g u i b  on using criteria to derive water quality-based duent  

Iinits is available in U.S. EPA (1985~and 1987%). 

--+ 
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PREFACE C INTRODUmBN 

Under section 304(a) of the Cfem Water Act, the U.S. Enviromend Protection Agency (EPA) publishes 
ambient water qt~ality criteria which sewe rn gaidance to Skies and Tribes for setting enforceable wnter 
quality standards. Water quality stmdmds f m  the basis for establishing potldant dischsuge limits under 
the National Poflulant Discharge Etirninalion S y & m  (MPDES) and for setting Total Matrimm Daily Loads 
(TMDts). Given the importance of 304(a) criteria to the regulation of pollutant dixharges to the Nation's 
waters, these criteria must be reviewed and revised periodically to reflect the latest scientific information. 

Seltmwn is one chemicai for which 304(a) aquatic tife criteria have been derived, but which is cwrmtly 
undergoing review by El?& Selenium exhibits a number of chcmical and todcologicat properties &at 
complicate the derivation of numeric aquatic life criteria. Xmong these m:(I $ its existence in a% least four 
diifer~nt oxidation states in the quatic environment, (2) its propensity to bioaccunlitl&e in aquatic food 
webs, and (3) its ability to convert between diEferent chemical forms. 

On May 27 and 28, 1998, EPA sponsored a workshop entitled: P e t .  Consultation WorIrsI~ap08 Selmirm 
Aq~ctricToxici~md Bionrctmulnliotl. The goal of this peer consultation was to obtain early assessment 
of the state ofthe science on various technical issues associated with deriving aquatic life criteria for 
selenium, This document presents the proceedings f m  this workshop and is considered by EPA to be a 
valuable technical resource for future refinement of EYA's aquatic fife criteria for selenium. 

MTMNF Draft PEIS Public Comment Compendium 

Background 

Selenium, a metalloid that is relewed to water from b naturd a d  arrtllt-opognic sources, can he highly 
toxic to qtl;~ticlife at mlt?lPively low concenlrottims. Selenim is dsa an esserrtiali trace nutrient for mmy 
aquatic and tonestrid species. Derivation of aquatic fife criteria for selenim Is complicated by its complex 
biogeochemishy in the aquatic: enuhnment, Specifically, selenium can ellist in several different oxidation 
states in water, each with vaqirq toxicities, and can undergo biotmsfomations between inorganic md 
organic funns. The biotrmfomation of selenium can signScatrt1y alter its biosrvail&btbility and toxicity to 
aquatic organisms. Selenium also has been shown to bioaccmufate in aquatic food webs, which makes 
d i e t q  exposures to selenium a significant expowre pathway for aquatic organha. 

The mast recent nqudc criteria for selenium were derived by the U.S. Envirormeul.tal Protection Agency 
(EPA) in 1987. At the time oftheir pt~blication, these criteria could not be conveniently adjusted to 
account for the combined toxicities of different selenium f o m ~ ~  Since &en, a substantid body of 1itera.t~u-e 
has accumulafed on X$e quatic toxicity of different selenium farm [in combination and in isolation). In 
q m s e  to this and other new information, EPA has initiated an et'fort to evatuate and revise acute and 
chronic aquatic life criteria and site-specific criteria midclines for selenium, 

As park of this effort, EPA sponsored a Peer Consultation Workshop on Selenium Aquatic Toxicity and 
Bioaccumuiation on May 27-28, 1 8. This workshop brought together nine experts on the aquatic 
chemistry and biology of selenium to discuss techtlicd issues underlying the frehwater aquatic life chronic 
criterion. The discussion among tPle expertt; was gdided by questions posed in a technical c i s~ge  written by 
EPA. Wilt: focusing on imua related to the chronic criterion, the charge a h  touched on technical 
questions pertinent to acute criteris wildlife criteria, and site-speciflc criteria guidelines. The output from 
this meeting (recmmendations in responss: to the technical chfuge) will be considexed by an EPA-
estabiished work group that wiH be responsible for revising freshwllker selenitm criteria and for developing 
guidance for site-specific criteria. 

fme the wo&sbop, the experts submiittad individual responses to tke questions in the technical charge. 
At the workshop, the experts heard prerscntations by two leading selenium researchers; they then 
collectively discused the questions in the technical chgge md related Iswes. This report presents the 
results ofthis peer c-onsultatioa. Section I1 afthis report presents the chair" ssummasy of the overarching 
themes and remmmendations that emerged from the workshop. Sectiw III summarizes t l ~discussions 
and specific conclusions concerning each question in the technical chiuge. Section IV summarizes 
comments presented by observers at the meeting, Section V lists the refereaces cited in the report, 

Workshop materials, including the agenda and lists of experts, presenters, and observers, are provided in 
Appendix A. Appendix I3 includes the technicat chabge to the experts md background materials. Appendix 
C presents the experts ' premeeti comments. Additional references provided by experts, presentation 
materials, and observer presentations are included in Appendices D, E, and F respectively. 

Dr.Jemette Wiltse, director ofthe T-Iadthand hologied Criteria Division of EPA's mce of Water, 
opened the meeting and welcomed participants. She said that the peer consultation process allows EPA to 
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benefit frmn the knowiedl;e and experience of experts in the field, obtaining better undemmding of the 
problem and new pempectives+ She thanked the e w r t s  for their time and effort. 

Ur Witbe commented that metats present a technically complex problem when developing water criteria. 
One key issue is the balance between ?nu&cimcy and toxicity Many metats (including selenium) are 
required by organisms in small amounts, but are toxic in lager amounts. She predicted that t te  expem 
would find the selenium discussion challenging and thanked them again for participating in the comultation. 

Keith Sappington, also of the I-Iealtl~ and Ecologicd Criteria Division, then presented an overview and 
background of the revision of EPA's ti.eshwater aquatic life criteria for selenium. He said that the purpose 
of the comuttation was to provide an early assessment of the science on a number of the technical issues 
associated with the criteria, and that EPA would use this information as a basis fur moving forward through 
the criteria revision process. He explained that the impetus for EPAAs review of the selenium criteria 
included: 

New data and concern over the level of protection (too high or too low?). 

Ecological importance (as selenium is both an essential trace nutrient and a toxicant), 

* The need to addzss the toxicity and bioavahbility of different selenium forms. 

The need for site-specific criteria modification procedures (taking into account 
hioaccumulation and food-web exposure), 

He added ihat some fundamental issues EPA is facing in the development ofthe new criteria include 
rftitennaning in which environmental compafEment to express the criteria, establishing the duration of the 
averaging period, and identifying the key factors aecting the taxicity md bioaccumulation of selenium. 

Mi- Sappington emphasized that the focus of the peer consultation would be on technical issues underlying 
the freshwater quittic life chronic criterion. He reminded the experky that discussion of risk management 
or poticy decisions would not be appropriate to this f o m .  We discussed the key steps that EEPA would 
undertake in its criteria review pracess and concluded by presenting a rough timelint for the development 
of the revised criteria (See Appendices B and E far more detail.) 

Dr. Anne Fairbrother. the workshop chair, &em discussed the workshop stmdure and objectives, reminding 
experts again to focus only on reviewing the state of the science; she added that waterbirds would not bs: 
considered ia the discussion. (See Appendix E for presentation materials.) 

Opening Presentations 

Dr. A. Dennis 1,emly ofthe Department of Fisheries and Wildlife at Virginia Tech Wniveiersity gave a 
presentation entitled "'Belews Lake. L~ssons Learned." (See Appendix E f ir  presenlution materials.) 
IkIetvs LA& is a reservoir in the northwe&em Piedmont area of North Carolina. The reservoir is 
hydrologically divtded by a highway crossing into a main lake and the "158-Arm." The main lake received 
sdenmm input from disposal of waste ash from a coat-frred power plant. Inputs occurred over a 10-year 

period, stapping in 1985. The combination of a period of ongoing inp- md a period of declining 
selenium ca~centmtions has allowed researchers to obtain a p a t  deal of idonnation on tissue residue 
levels and effects. Dr. Ixrnly's stunmary ofthe key infomatian gained f r m  research a i  Mews Lnke is as 
follows: 

Main take Studies: 
A concentration of - I0 ~4% dissolved selenium ( a b u t  $0-90% selenite as it entered the lake) can 
bioaccumulate in aquatic food chains and cauw n~assive reproductive failure in warm-water fish. 
Centmcl~ids (e-g., largemouth bass, bluegill, crappie, sunfish) are among the most sensitive to 
elevated selenium; forage species swh as red shiners, fatl~ead minnows, md mosquitofish art: 
relatively tolerant (Cttmbie arrd Van Horn, 1978; Lemly, 1985). 

Once ecosystem equilibration to - 10 p@L has occumd in this type of a reservoir setting nah1sal 
removalicteansing processes operate very slowly. Elevrtted residues and toxic (teraiogenic) e&ds 
in fish were evident 10 years after selenium inputs stopped and waterborne concerrtrations dropped 
below 1 @, (I dmiy, 1997); consumption t-idvisories are still in effect became of public health 
concerns. Complete recovery c-an be on the order of decades. 

Dietary selenium was the most important source leading to effects in fish. Across years, the 
sediment'derrjtal route of exposure delivered the most consistent dose to fish (i.e., residues in 
benthos were consistently high). However, within a given year, residues in the 
w&erbome!plmktonic route of exposure were occasionaliy as high as in the benthic pstthwy (70-90 
w'g dry weight, especially in sumnz~). Tkw, each route of exposure defivered a toxic dose to fish. 
Planktivmes, omnivores, insectivores, md piscivores were all similarly affected. 

158-Arm IFitidies' 
Concentrations of 0.2-4 pgJL dissolved selenium in the 1 $8-Am bioaccutnulated to levds that 
caused teratogenic deformities and chronic setenmis (pathological lesions) in sensitive fish species 
(e g., bluegiH and green sunftsh) (Sorensen et a]., 198Lt; Lm~ly, f 993% 1997). 

Concexltrations of 0.2-4 pg/L dissolved selenium bioaccumuiated to 125 w1g dry weight in aquatic 
food-chain organisms. This concentration is over five times the chronic dietary toxicity threshold for 
.Ere&wattx fish and aquatic birds, as determined in laboratory studies (i e., 3-5 ~tgfg; kmly  199%). 

Setmiurn concentrations in fish (especially bluegill) reahed levels equal to or greater than those that 
cawad reproductivr: failure in artificial crossa ofbl~egill fkom a sister lake (Hycn Reservoir; 38-54 
pgjg dry weight whole body cancerrtrations in fish; Cumbie and Van Mom, 1978; Hoil&nd, 1979; 
Crillespie and Baumm, 1986), and reproductive failure in laboratory feeding experiments with 
bluegill (I3 and 33 pgJg dry weigtrt in fish diets; Woock et d., 1387; Coyle et aid,, 1993) 

Related Laboratory Studies: 
Exposure to waterborne (only) selenium (selenite) at concentrations of 10 &L docs trot 
survival ofjuvenile bluegill, Although some bilxmcentration occum, residues in tissues clr, not 
reach the toxic threshold (Ixn~ly+ 1982). 

Conditions mimicking those in the Belews 158-Arm (4-5 pgil, dissolved setenium; 5 &g Qry weight 
dietary selenium) can induce phy~iologicd aard metabolic stress in young centrarchids, resulting in 

- - 
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significant matdity during cold weather due to Winter Stress Syndrome (Lemly, 1993~.  f 9%). 
'Il~us, tinze of year may be an important factor in the toxicity process when concentrations are near 
the current EPA criterion for chronic exposure (5 pg/L)* 

Conchlsions: 
Recause ofthe extmsive and ~ q i d  of fish ftshpopulations, the main body of k k w s  Lake has 60lI&~se 
received most of the research focus and notoriety. However, the 158-Arm provides valuable 
information on selenium biaaccuniulation and eRects when waterborne concentrations are below the 
EPA national criterion for chronic exposure (5 pgit). 

Historic atld current reference to the 158-hm? as '"unaffected" (e.g., EPA 1998 Draft Field Study 
Summary) ape incorrect. Multiple lines of evidence from this field site, (diagnostic residues, tissue 
pathology. temtogenic defmiities) as well as associated faboratory studies (simultmeous waterjdiet 
exyowres), indicate that selenium can become toxic to fish when waterborne concentrations are 4 

or less. l'he affected taxa include widely distributed, economicalty mand recreationally important 
species such as largemouth bass and bluegill. In this type of field setting, the threshold for 
detrimetltal impacts is well below 5 MIL. 

The most rensitise biological endpoint for detecting toxicity in fish (that has demonstrated imp& at 
a poputation and community level) is reproductive failure ( i.e., teratogenis deformities and 
associated ernbryora~ortality that occur shortly after hatching). Winter Stress Syndrome may be tt 
more sensitive indicator but it has not been confumed in field studies, 

From a toxicity perspective, the point of effect is the fish's ~pmductive tissue ( i.e., eggs). The 
toxic threshold for selenium in eggs (10 lySig dry weight) is ~wnsistent regardless of the source or 
chemical &nn of selentum in an aquatic system, Pairing water and egg concentrations gives a direct 
source-fate, cause-effecl linkage that integrates all asp~%sof the selenium cycle. The existing 
national field database suggests that a single water-tissue method for setting criteria can be applied 
equally to both selenate and selenite dominated systems. 

The practice of dowing exceedrurces in meeting water quality criteria is not supported by field 
evidence of effeds. For example, current EQAguidelines allow up to 20 pg/L as an ambient (lake- 
wide) concentration once every 3 years, The concentration of waterborne selenium in Welews M e  
reached this level cmly once in 10 yarn* yet 17 species of fish were eliminated. 

In response to a question on the origin of the 4 jg/L of sefenium in the uplake arm. Dr. Lemiy replied &at 
it must have come From backflow from the main lake, because he doubted that there tva?si&nificant 
contribtrtion from <atmospheric deposition. Dr. Teresa Fan asked whether it had actually been determined 
that s e i m i m  was irlcorporated into proteins in the species with which Dr. Lemfy war; working. Dr. LemIy 
said d w e  had been some speciation work done, but that he did nat know if there we* differences between 
r~losqultofish and blued11 in terms of selenium incorporation into protein. He said that this was one 
possible explmation for why mosquitofish (accumutate higher tissue levels of selemum I J I ~ ~bluegills yet 
show fewer efle&. Dr. Steven Hiunitton asked about Dr. Lernly's statement th& 10 @g of selenium in 
fish e g g  is correlated with 5 pg'g in the food chain and 2 pg/t in the water column. Dr.h m l y  replied 
that this statement was based on both data from the Belews recoveiy period and data from other takes. 

Dr.George Bowie of TetraTech gave a presentation mtitled "Modeling Selenium in Aquatic Ecosy~ems," 
ztnd referred to the paper "Assessing Selenium Gycting and Accctm~~liitionin Ayuitlic Ecasy~tsms" (Bowie 
et id.,1986). (See Appendix E for prsentation rn&erials,) The model was sponsored by the Electric 
Power Resetarch Institute (EPRI) and was developed in conjunction with a major rosearcI~ program, The 
research had two major components: toxicology and biogeochemical prweses. Dr. Eowie? prexentiation 
focused mWee offhe five major camponem of the model: cyclin processes in the wter colturtx? and in 
the sediments, and accumulation in tissues of organisms. 

For each of these areas, Dr. BOW^ described the processes in the model, discussed m a s  of uncertainty or 
limitations in OUT undemtanding of these processes, and showed the results for an exmaple application to 
EIyco M e  to illtlvtrate which. processes are most important. He used these results piits some of his 
experimental results to discws the response times of ,quatic organisms to changes in selenium exposure 
and the effmts of water quality variables on selenium uptake. Since the model description, I-Iyco 
application, and conclusions are covered in the paper, Dr. Bawie Ii&d the main points concerning 
uncertainty, phmacoklnetics, and water quality effects on uptake that are not included in the paper. 

Water-Column Uncertainty: 
Organic selenides represent a lumped selenium pool that includes many different selenitm 
compouilds which are poorly tmdmtood and most of which cannot be measured with tun-ent 
andyticaltechniques. Some, such as selenomethionine, may be very biologically reactive while 
o thm may be much more refractory. Mod of the organic selenide pool is not selenomethinnine 
since the high uptake rates measured in the lab are not consistent with accikmulation levels and 
organic selenide turnover times observed in the field. 

Sediment Uncertainty: 
Sediment selenium accumulation depends on settling of particulate selenium (plankton. suspended 
orgmic detritus, elemmtrrl selenium, selenite adsorbed on clays), diffusion of water column 
inorganic selenium into rrediment porewaters foilowed by rapid reduction to elemental selenium in 
anaerobic sediments, and decotnpasition of organic detrital selenium in the sediments. In Lakes where 
sediments are wdIy  anaerobic below a thin oxidized microzone, diffusion of inorganic selenium and 
subsequent reduction to elmental sefenium is one of the most important processes. However, in 
other typm of systems where the sediments me tterobic or anaerobic at much greater depths, other 
accumulation processes wodd be more important. Selenium speciation dab in other types of 
systems ate currently lacking which limits an asessment of accumulation mechanisms in these 
sytems. Sediment selenium concentmtions depend not only on tho selerriurn fluxes into the 
sediments, but also on the sediment deposition rates (md sediment transport rates in flowing 
systems). This makes sediment selenium wncentratim very dependent on site-specific conditions. 

Food Web Acclur~uiation Uncertainty: 
Most research on selenium accumulation in aquatic organisms has focused on planktonic food webs. 
Bmthir: invertebrates can be an important source ofsefenium accumulation in fish, and since the 
sediments contain mast of the historicd sefenium loadings in q1tittic ecosystems, delritd and 
sediment pathways to beMthic organisms could be extremely important. Bacteria accumulate 
sdenium to tevels several times higher than algae, so sediment bacteria associated with organic 
detritus could be an important source of ssfenium accmdation in benthos, Much of the sediment 
selenium in l&s is eIementa1 selenium, which was recently shown to be bioavailable to benthos 
(though organic selenium assimilation efEciencies are severd times higher). The selenium 
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concentrations in organic detrii-ill particles, rnsocisted tdbadria, and the amount of elemental looking at this relatiionship alone is not a good approach for a binacicumutative compound likt. s~leniutn. 
salenim &e&d during f~(:dingtare what determine selenium a~cmulation in bnthos, not tbe Many ofthe exprtc; noted that the most sensitive Fully aquatic species are fLsh specie md that diet is the 
selenium concentrations in the hulk sediments. Systems with hi& sediment deposition mim or hi& primary exposure route, Also, there seemed to be a need to discuss selenium chemistry. 
sediment t m p o r t  rates could dilute sekniun~ concentrations in bulk sediments, even thau& the 
selenium content of the organic food particles renained the sme .  Next, Dr.Edrhrotker discussed the expertskomrneents on the reiationship between tbsue eoncentrations 

and either sediment or water concentrnt.lons, She aesaid thatthere had &en mixed responses on &IS issue, 
Response Rates of Organism Tissue Concenttatioras to Changes in Exposure: There was disageeme* on the state of the science; some ofthe experts said that the science base was 

Uptake and depuration experiments, as well w other studies in the literature, indicate that the time it good, while others said that ahere \;5wtoo littie d& The experts also disitt;reed somewhat in what fom of 
in whi~h tissue. 'fiere w s  ~ o m eagreement thatwater-tissue correlations are poor. takes to reach eqttilibritm starting from no pmious selieniurn exposure is on the order of a few days selenium to ma~urt" 

to a week fi>r dgae and bateha, 1 week for microzooplankton, 1 to 2 weeks for zoopIankton and tand th& diet-tissiie-eR& come fations are better. 
benthic invertebrates, and 3 to 10 month for fish. Since most fish eqmhwnfs are conducted with 
small fish in the Momttxy, 1-r fish in the field could respond more slowly. Food is  geaerally the Concerning the link between sedimmt concmMims and both water crmcmtrations d effects, Ur 
p r m q  route of selenium accumulation in consumer organism, and since the s d i m e n ~  respond Fairbrother said that there had been disagreement on several a?qec&of this question. Experts disagretrd 
much more slowly to changes in sdenium loadings than the water column, the benthic food web can about the Bitity to relate sediment concentmtions to either w&er-cofumn concentrations or effects in fish. 

the planktonic food web levels drop. Findly, Dr. Fairbrother said that same of the crsss-cuttifig isstles hrought up included sdenium continue to provide exposure to fish long & ~ t  
geochemistry, selenium kinetics within and between ecosystem compartments, and the differences between 

Water Quality E.ffect;~on Selenium Accumtaiatiion: lotic aYld tentic systems 
Sin= most selenium accmullrtion occurs at the bottom afthe food web md then moves to higher 
trophic components through food exposure, water quality factors tftat inflt~mce acct~nlulation in 
primary prodt~cerscar1 be very important. In experimental resemh with phytoplankton, thee  water 
quality variables had a significant effect on selenium upt& r&es (Rieciet and Sanders, 19%).Lxsw 
pH and low phmphak increased selenite uptake by s factar of abwt 4 or 5, and low mlphate 
increased selenate uptake by a factor of 2. 

Dr.Fan zsked Dr. Bowie 6 t h  elmentat selenium d& he was using fat sediments involved malflicd 
confimlatiotn. Dr. Fan cautioned that hher got lg  could not confirm usiw extraction methods that the red 
amorphous rnttterial secreted from aigae was eiefure&d selenium; &is material cmtained <10% Se and 
,"30°6carbomemm material, possihf-y polysaccharides. She sriggested a particulat' rrdyticd technique? 
that should be x~vcd for elemental selenium. Dr. Bowie replied that he was using results from Dr. Greg 
Cutter's work (Cutter, L991),but that Dr. Tarry Layton"swork (not yet published) &the University of 
California at Berkeley used the analytical technique referred to hy Dr.Fan md found h t  a significant 
portion of the sediment seleniut~ m s  elemental selenium. 

Chair's Charge to the Experts and NigMghts of Premecting Comments 

Dr. Fairbrother smmari~ed the technical charge glvm to the experts by E P k  and the experls"r~meeting 
responses to the q~ttstionsin the charge. (See: Appendix E for presentation materiais.) She not4  that the 
leaders of each discussion session would present the premeeting comments in more detail. 

Dr, Fairbrother repeated that the charge to the experkt was to address and commenf on technical issues. 
She asked the experts to identify the raEionale hkmd their comments md conclusions. assess the level of 
confidence in data cited, ancl discuss d m  quality. 

Dr. Fairbrother first addressed the question "What do we know about the rdationship between water- 
column measurements of selenium and biological effeds?"he said that the esperts gesle~ttlly a p e d  &at 
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foxidyl m the dietary route sf crsnc~tntc&oaand expmlare is s 
-that bioc01u?en@aIjonf~ctilrs(i-e., coficea&&ionin tismes divi 
appropriate 5bxuse with this c3u111pmd.In smma~y,water concen~&tianswe rcl&rt to eff'ects, but it is a 
nodinoar (and ~c;ite-spcific)relationship. 

Tissue -EHixts Rdationships 

Discussion then turned to Bchaical kues m~oeiatedwith a 
s, f r m  fwd or waler, moving water), consge&ian sfresidence t h e  and use of a mass balmce appro& coutd wlfttiitc seditn~~t 
centrations have been linked to sefenium 20 watL?&mc selenium. 

MTMIVIF Draft PElS PuMic Comment Compendium A-204 SectionA - Qrganiaations 



&cause waterborne sefenium conaneentratiom tend to exhibit largo temporal variations, the strength of the 
water-to-sediment carretation is &Ted& by the ave ing period selected. The issw of spatiid 
heterogeneity of benthic invertebrates as well 8s selenium depsition and spmiatim is very importad. 
a l le r  parameters that might affect the relationship of sediment cona&r&isns and ecological effects 
include water retention time, ~Iatilization raters, the type of benthic phyoplWon community, md 
whether or not the system is at aqttilibrium. Habitat selection by different types of aquatic biota and 
preferential feeding habits of higher organisms also modifies selenium exposure. V&ow experts made the 
paints that redox potedid (is., amount of oxygen in &e system) affects selenium specidon and that 
i tnpved anatyticaf methods for sediments are needed. Two expem advocated the expansion of the use of 
liquid chmtnatogrnphy for sediment selenium analysis. 

Crow-Cutting lrsrtes 

The cross-cutting session captured issues that did not fit neatly into one of tke above themes, as wslf as 
other comments or ideas. Sptio-tempord variability was addressed again, as it applies to water column 
sediments, and tissues, although in differetit scales for each. Watm concdrations may change rapidly 
(v~ithrn days), whereas fish-tissue residue and sediment concentrations take month or yem to change. The 
rate-limiting step may be the rnte of conversion of the inorganic f m  of selenium to the organic fml, 
which is a fundion of the species of selenium in the water column and the types ofmicroorganirsm present 
in the sediment. 

There was agreement that the type of ecosyskm hm a large effect on selenium cycling in the sptem. kntic 
nnd lotic (fast-flowing) systems, ephemeral or perennial waterbodies, d i m  sy~tems,and northern (cold) 
streams, may differ in response to selenicun input Retention time of carbon, rate of sediment accmitllion, 
rates sf eortversion of inorganic to organic form of selenium, and tolerances of locd species at1 differ 
among these types of systems. Bacteria and phytoplankloll species differ bertween the two ecmytem types, 
tvtrich may cause diflkrences in bioaccumulatbn rate%. Also, lmtic systems have higher primary 
productivity. @en (rather than closed) fish population4 in lotic systems make chan@s in recruitment more 
diSFicule to docummt. While there was argument about the relative imporiance of consitlefln~: one or both 
of these types 5f systems, there was agreement that their interconnections are hportnnt. 

Two methds win@existing field data we= suggested for differentiating non-affected s h s ,  areas with 
definite effects, and sites requiring a site-specific detemination ofeffects. The apparent effects thmhofd 
(AET) method categorizes previowfy studid areas b a d  on sediment or water concentrations. The 
~ediment/'waterconce&r8tion above which effects d w a p  ocwmd wmld be identified, as would the 
concentration below lsthich eEects never occurred, New sites wi& sedirnrmtlwata concentrations that fdI 
betwem these two values (where effects sometimes occwred or sometimes did not) wodd require a site- 
specific asessrned; otherwise, the site would be categorized as &ectd or not. A second mehod is based 
oil fish tzsst~e concentrations as n function of water concentr&ns. The empirical data from field studies 
thlrt exist in the literature would be used to develop the bioaccumulation coprelation on ti global basis. Sites 
where measurd fish tissue conmrrtrations were statisticatty sig&kantty diffmnt from what would be 
predicted based on w&w concentmtions and the global bioaccumuiation factor, would require a site- 
specific assessment d potential effecb. 

It was suggested &at the Aquatic Toxicity Model presented by George Bowie could be used to make a 
p r h i  predictions of whether a concentration d selenium in water would resuit in effects to the Ash. Site-
spacitic input parmeters irwlude selenium input (amount, rate, and spsies), flow rates, w&er depth, md a 

few other hydrological parameters rrs well as food-web species. The mare site-gpecific dab that arc wed in 
the model, the: more likely it b to acsurately predict effects, 

Seletzium ha.. the poter~tial to Its with other metals, caus 
predicted %am selenium done. e r n e ,  exposure to sel 
respond to other mvironmmtai stXlesses, such as has been shown for fish sirnifar ts those found in Betews 
Lake that were exposed to cold temwrdures during lahoratcsry studies, Ttlti* types of rnteradio~s might 
confound the global empirical data set relating effects to selenium concen&atiuns in w&er, ~editnerrt, or 
food. 

Selenium is a required micronnlrient for 'bofb pfmts and artimals, Tberetbre, thm is an axyosure 
concentration below which insufficiency efl'tict are seen and 8different concentration above which toxicity 
occlm, The arm in betwem is the Optimal Effets Concentration. In generat, there is at least a 10-fold 
djfference hetween insu%cient and toxic eoncetrtrations and, on a pmcticd bmis, it does not tppeax to he 
of ppruticulw concern in field situations. However, this issue may be important in 1;lbwatory studies where 
appropriate minimum concentrations of selenium must be provided to mainain cotonies of te& species 

Analytic methods for detection of selenium in water, sediment, or tissue are techicalty complex. However, 
due to their importnvtce in carefully rnrd criticdly dwcribing the systems at risk, a significant hutroutrt of time 
\yas devoted to discusdon of this issue. &sired minimum detection timi@,sample preparation 
qtiirements, cost, and laboratory capbility aT1 affect the selection of which method to use. A &hiled 
s m m q  of available metlhds, as well as sample collection and retention procedures, is included in the 
report. 

Olfe expert stated that at the n&ional level, median Erackground concentrations of sebniurn itr aquatic 
systems do not vary pat ty ,  bekg at about 0.1 pg& However, there was disagrement on this vdue md 
particuldy on ?he variability in bmkgound, whish is dept?ndent upon the sptrCid scale ofthe analysis as 
well its on site-specific geotogy. h4ethods we being developed for differentiating between natural and 
m&mpg.enic inputs of sefenium into aquatic systems, but there remains rt great deaf of uncertainty. 

Observer comments reinftormd the ruxmmetadatioa to detedop methods for setting site-specific criteria, as 
a universltl numeric chronic criterion for selenium is highly unfikeiy to be predictive of effects for any 
particular site. 
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ITI. TECHNICAL DISCUSSION SESSIONS 

Generally, discussion leaders orgamized the discussions according to the questions provided in the technical 
charge. Each leader opened the discussion on each question Ivy presenting an overhead smmarizing the 
relevant premeeting comments. The following discussion session sttmmaries include the presentation of the 
premeeting comments, followed by an account of the discussion for each question of the technicaf charge. 
Overall conclusiorrs,which were written by the discuwion leaders and reviewed by the other experts, are 
presented at the end of the discussion summary for each session. 

DISCITSSION SESSION I: 
Tech-tdcal Issues Assodated With a Water-Column-Based Criterion 

Question 1 : Besides selenite and seleaate, which &her forms of selenium in water are toxicalqgicill~y 
importnnt with respect to causing adverse effects on freshwater aquatic organisms under 
environmentally reaListic conditions? 

Dr. U'illiam Adams presented his summay of the experts3remeeting comments concerning this question 
as folfows: Sefenate, selenite, seleno-cyanate, and organo-forms (seleno-methionine) m the key foms of 
interest. Selenate and selenite nre the predominant f m s  derived h m  minbqg, agtxcultural practices, fly 
ash, and nlzturd shales Organo-sefenium compounds produced Erom these inorganic foms are of most 
ecological relevance on a chronic basis; seleno-methimine is thought to be a key chemical form. Little is 
known, trowever, a b u t  mviroermentd exposures of orgmo-forms, especially seleno-tnethionine; there is a 
general lack of analytical procedures for measuring organo-forms. Dr. Adarns then asked tile experts for 
any comments concerning his summary or question 1, 

Discussion: 


Dr. Ciregory Cutter, disagreeing with the statements concerning seleno-methionine, said that free seimo- 
methionine is not important in water md is easy to measure. Dr. Fan expressed skepticism about the 
n~eaurementof sclmo-methionine, because m a t  methods do not involve structure confirmation. She also 
pornled out that seleno-methionine is abundant in macromolectlfes md emphasized that macromolecular 
seleno-methionine may be impomt,  although this hypothesis hm been neither disputed nor confirmed by 
the literature. Dr. Cutter agreed and also stated that. based on his analysis using acid hydrolysis end fgmd- 
exchange chrramatography, the vast majority of organic selenium in unpolluted waters is peptide-bound. 

Dr. Fim rncntioned the possibility of the sehnonium form a cation, being present, as shown by Coske and 
Bn11,md(1987). She added that, based on her work, salinity can drive speciation; she has found that one 
phytoplat~kton accumulates dimethyl selenonium propionate in a euryhdine environment. Dr Cutter 
agreed that selenonim can be present in highly contaminated systems, 

Returning to the discussion of seleno-methionine, Dr. Chapman asked whether iaboratmy tests using 
seleno-methionine are irrelevant to environmental exposures, given the small mounts of free ~ l m o -
methionina found in water. Other experts agreed that water-only exposures to sefeno-methionine we of 
questimable relev,ance, but seleno-rnethionine m y  be important in food-chain transfer of sefeniurn. 

Qtlestion 2: Which form (or comblaitrtlorr of forms) of sdetdum in water are msst closely corrdated 
with cltronic eneets or aquatic life in the liidd? (in ather word% given citmert or emcrgirg 
analytical teehniqrres, which forms:of selenium in water would yotc measure for correlrrtilrg exposure 
vvith adverse effects in the fidd?) Note: Your respeponse sehouid include consideration of opertrtionally 
defit~ed mtneasurements of selerium (e.g.* dksdvett and total reeoverirhle selenium), in sddibion to 
hltivlidual sderirrm species, 

Discussior? leader's summat?, ofpremeeting comments: 

Dr. Adms summarized the experts' premeeting comments for this qumtion as follows: Total recoverable 
selenium is a wefu1 form to meawe. This would include dl forms of selenium in the water except a 
limited amount of non-bioavaiiable sefenium that might be tied up in the crystalline structure of suspended 
solids. There are no identified actual corxelations bemeen sefcnium farms and chronic effects. Future 
efforts should focus on proteinaceous forms (especially seleno-methionine). Dr.Adms then nsked for the 
other experts' reactions to this question, 

Dr.Fan asked for the other experts7 opinion4 on making correlations between waterborne particulate 
selenium and accumulation of selenitm In the food chain. She said that she h d  seen a couple of papers 
that indicated that there wm a correlation (e.g., S i b  et &,1993). Df,Gerhd t  Riedet replied that he 
ahought that gathering data from multiple lakes would result in a correlation that was positive but would 
have large confidence limits. 

Dr. Cutter advocitkd separating totd recoverable selenium into the dissolved m d  particulate fractions, 
because those pools we available to diRermt organisms. He sdd that this should be done by fiitmtion using 
as small a pore size its possible, preferably 0 2  micfons. Dr. Riedel and Dr. Adams agreed that separating 
the dissolved and pwticnlate fractions is useful. 

Dr. Gary Ghaf>man raised the issue of the operational definition of dissolved selenium, which Dr. Cutter 
had mentioned in his premeeting comments. He asked Dr. Gutter to discuss this issue, Dr. Cutter replied 
that there is some work on colloids! selenium in estuaries, including a paper by Takayanagi and Wong 
(1984). He thinks that, based on these papers md his work, in msst systems colloidal selenium represents a 
matt fmtion of '%dissolved"' (s0.4pm) selenium. Ihus, in his opinion, 0.4 microns is not a bad filter pore 
size far most ~y&ems, but he advocates 0.2 microns to mswe that the smaller phytoplmdcton and bacteria 
are included in the particulate fraction. Afthough Dr. Ride1 suggested that cross-flow filtration could he 
used to get down to very small size ranges, Dr. Cutter replied that this t~chniqtte is laborious. Dr. Cutter 
and Dr. Riedel agreed that the very small size range is not that important for selenium, aithough it is 
important for some other metals. Dr. Adams concluded this discussion by pointing out that the operational 
definition of"di.~solved" is a topic currently mder debate, particutarly in respect to data cotlection by the 
Lfnited States Geological Survey (WSGS)* 

Dr.Adam asked whether the experts thought it accurate to state that no forms of selenium in water have 
been correlated with chronic effects; he added that the science is tmcertitin, but it is probably a 
polypeptide/pratein-bold form of selenium, 

Dr. Chapman asked how much of particulate selenium is actually organic and how much is bound up in a 

~ ~ - - - - - ~ - ~ * - - - ~ - - ~ , - w . , . ,  
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mineral matrix, 1%. Fan agreed that this was, an important question for thinkin h u t  bioavailability. Dr, 
Cutter agreed and listed the gossrble foms of pafticulate selenium: adsorbed selenate or selenite (probably 
on clays), elemental selenium+ and organic form. He said that L,uoma et al. (192)have looked at the 
speciation of selenium on particles. Dr.Fairbrother responded that the sep:potration of organic From 
mineralized ~eleaiwn needs further resesch. Dr.Fan suggested that startlf~rd biochmieal prwedures 
could be used to determine wimt fraction of particulate selenium is bomd to proteins. Dr.Adms observed 
that must of the previous discussion refated to possible areas of ktwe research, rather than currently 
prtlctical techniques. 

Dr. Joseph Skorupa asked the biochemists present if they felt that any form of selenium was toxicologically 
unimportant Dr. Fan and Dr. Cutter responded that they did not, because all foms of selenium may 
eventually intercunvert. 

Question 3A: la priority order, which water qutrfity charaeteristks (e.g., pH, TOC, sul 
interactions with other metdtls such BS mercury) are most impovtaat in atrectirg the rkranir toxicity 
and bimeeumultttion of selenium to frmhw~ter aquatic life under environmentdly reatistic exposure 
eunditions? 

Dr. Adms sumaaized the experts' ptemeeting comments for this question as follows: It is not possible to 
rmk these water quality chatacteristim with resonable ce*inty due to insuficiertt information on their 
effects on expression of chronic toxicity. Overdl, the Eh (oxid&tive/reductive) sate of an ewsystem is 
most important in determining the potentid for chronic toxicity to occur, because it significantly influences 
the fornllttion of ~rgano-forms of selenium. One could predict that, at the exwmes md as a functim af 
Eh, pH would be important due to speciation changes, but chronic data m not available to awm this, pH 
would he expected to have the most impad on selmite across typical enviromental pH vaium. Sulfate 
appears unimportant in t m s  of the expression of chronic toxicity except patentially for primary producers. 
h e n i c  and molybdenum are also mobiiised under similar conditions as selenium and appear to be additive 
with selenate. 

Dr. clutter agreed that redox state is imporlatlt for precipit&ing e f e m e d  selenium and removing dissolved 
selenium He armed, however, that plsotosynthesi has more influence on the formation of organa-
selenium Dr. Adtuns and Dr.Fttn pointed out that non-photwyntketic microbial processes are also 
importdark. particularly hsedimerrts: thme processes arr? somewhat coupled to redox state. 

Dr. Fan addeed that the presence of sulfate or nitrate in a reducing environment encourages a certain type of 
microbid community (sulfate or nitrate reducers), which would have a major impact on selenium 
speciation. She cited evidence of hydrogen selenide and methaneselenol release into the marine atmosphere 
via phytoplankton activitres (Amoroux and Thnllrd, 19%). Dr. Curter expressed skepticism about this 
possibility, Dr. Fan, Dr. Cutter, and Dr. Adams did agree, however, thLd the microbial loop is very 
imporbant and that the presence of sulfate and nitrate reducers would affect selenium speciation, resulting 
primarily in the reduction of selenium to the elemental form. 

Dr. Cutter commetlted that arsenic and molybdenum behave diff'erentiy 6oni selenium; in a reducing 
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mukoment, arsenic is mabiked Mrhile setemtiurn is immobilized. 

Quegtion 38: Of these, which have been (or can be) quantifativdy related to sdeniunr chronic 
toxicity or bioaceumulation in qbquatlc orgartims? Row strong and robust are these rebtionships? 

Dr. Adams summarized the experts' premeeting comments for this question as follows: Insufficient 
information exists to quantitativeiy correlate water quality characteristics with chronic toxicity amow 
multiple species and trophic Icvels, Sulfate, phosphate, md temperature have beefi shown to correlate with 
selenate for some species (i.e., primary producers), 

Dr. Riedef. mended Dr. Adams's comment by saying th& for primary producers, phosphate does not 
aRect selenate e k e ,  but rather hi@. phosphate curlcentrations appear to suppress selenite uptake. 

Question 3C: Bow certain are applications oP toxicity relationships derived from acute toxicity and 
water qurrfity characteristics to chronic toxicity situations ir the field? 

Dr. A d m s  summarized the experts' premeeting camme& fw this question as fotlows: 'fie applications of 
rel&ioatships derived from wute toxicity md water quality chiultctrristics do not apply to chronic toxicity 
for mast aquatic He (an exception to this might be the relationship between selenate and sulfate for algae). 
The psimasy reason for 'this is that acute toxicity is most oftea the result of water exposures, whereas 
cfftonic. sffects stre the result of selenium being incorporated into the diet where the predomifia3t form of 
selenium is no longer an inorgmic Farm, 

None of the experts had my objections to this summation. 

Dr. Adams ofFaed for discussion the folfowi~gshkmnts  taken from various ppremeeting conments: 1) 
Laboratory studies provide reasonable estimates of acute toxicity. 2) It seems imperative that chronic 
criteria include cons3era2ion of tissue residue md dietargi route of uptake. 3) Fish eggs may rqresant a 
reasrmabty sensitive tissue to use as an endpint for ammine; the potential for species-level risk. 4) A 
usefbl approach might be to develop a generic criterion which also dfows for site-specific approaches. 
Toxicity and bioconcentpation factssrs (BUS) a e  a fhnction of time and exposure kveL 5) Orgiunic forms 
are h u g h i  to be produced in respome to inorganic selenium enrichment and probably reprtwnt a net 
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uptak 
e rates are slow), he postulated that the 96-hour assay may not be the tight test for acute toxicity Dr 
Cutter questioned the relevance of a water-only exposure. Dr Skorupa pointed out that a short-term spike 
in selenium may have long-lasting food-chain implications, as shown by a paper by Maier et a1 (1998) fn 
this paper, a short-tiem I0 p / L  spike in a Siena Nevada stream resulted in a concentration of 4 pg/g in the 

Cutter stated that a paper 5 
showed that dissolved "" 
less bioavailable to primary """ 
forms, such as selenite. 5 I.p*rur* 

c ~ ~ ~ 

distinction between + t b  wn 
,a 86 r ~ t r  

esssntidly nontoxic to % 4 fi"91 

selenatf?, which is 
agreed that concentrations O d h l  

real waters are probably 
T i m &  ldriynl

selenate Dr Fan pointed 
organic formsmay be Figure 4 'Vhe ~cu~niulnttonof ~elenrurntn the mu4~:ltof adult 

f%tth~dmmmws (Adsms, 1976 )
organisms such as small 

~ 

by Gob1 er et al ( 1997) 
organic selenium was 
producers than inorganic 

~ , ~ ~ , ~Dr Riedel made the 
sei mite, which is 
phytoplankton, and 
mdemtely toxic He 
of organic selenium in 
less toxic to algae than 
out that particulate 
more bioavailable to 
protozoans, which can 

~ ~ 

food chain for over a year Dr Chapman replied that a tissuebased criterion would require modeling with ingest them, Br Cutter agreed Overall, however,.Dr Riedef and Dr, Cutter both stated that dissolved (not 
rate and Qte functions and that in such a situation there wouid be no reason to draw an arbitrary timeline to particulate) organic selenium in most watms is probably fairly persistent and refractory, and not very 
separate acute dosings from dwonic effects Dr. Fairbrother said that that issue would be addressed in the bioadlable (It is taken up poorly and broken down slowly.) Dr Cutter referred to 8. paper his group has 
discussion of itver~ging times during the cross-cutting session published, which looks at the lifetime of dissolved organic selenium in the North Atlantic (Cutter and 
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Cutter, t 998) 

Dr Adams directed the experts' attention to the comment concoming biwmcentration factors, which he 
defined as not including diet (Bioamumufation factors would incf ude diet) tle showed a graph of 
b'roconcentration factors observed at various intervals for fathead rninrrows exposed to four concentrations 
of selenium (Figure 4) Dr Adams argued that, because there is a body of literature showing (as did his 
data) that RCF is inversely related to water concentration for selenium and many other metals, reporting a 
BCF for a given species at a given site is of questionable value Dr Chapman replied that he thou& the 
experts could agree that RCFs were not relevant for selenium, as food cham i s  the key, Dr Cutter agreed 
and sad that this point should be emphasized 

Dr Fm remarked that the emphasis on water-column cmcenaatian has fed mitigators to Focus on driving 
down those concentrations, which is not in fact the aspect of the system that is directly canelated with 
ecosystem et'Feds I)r Fairbrother replied that EPA is stntgding with this issue, because water quality 
criteria have been set using water cntumn numbers Dr Adams postulated that the mass d selenium in the 
sedtments may be more important than the concentration of selenium id  the water Dr Cutter replied that 
uater concentrations are related to effects but that it ts a nonfinmr reiationship Dr Fan gave an example 
of two agriculturat drainage ponds she has studied Water concentrations of selenium drffer by an arder of 
magnitude between the two ponds, but sediment concentraths are similar Dr. Adams speculated that one 
site might have more volatilization, and Dr Fan agreed. Some of the experrs discussed vdatilization Dr 
Adams said he had seen papers that found that volatilization increases in memoirs which have alternating 
drawd 

1 
o m  and refill uycles (Iiansm et af , 1998, 

Franke nbexger and Kadson, 1994) 'The experts 
discus sed the residence time of volatitized selenium in 
the atmosphere,Dr Cutter said that it lasts a day or 
two at most, although Dr Fan said it coldid be longer if 
the selenium attaches to particles and/or aerosols 

Dr Skorupa asked if the apparent lack of correlation 
betwe en water and sediment selenium concentrations in 
Dr Fan's evaporation ponds could be due to sediment 
hetero geneity and mail mmpting size. Dr. Fairbrother 
replied that this question could be discussed during the 
sedime nt session 

Wra 

Dr Adams summarized the discussion session as 
foilow s .  Dietary uptaka is critical to ddmining chronic 
e k t s  
the 

bays 
The incorporation of waterborne selenium into 

diet is key, factors that shoufd be taken into 
accw 

organi sms (e g ,microbes, invertebms) 
Pepttdelprotein-bound forms are important. Free selorro-methionine is typicalty nonexistent or at low 
levds 

Dr. A d m s  asked whtlt famr(s) of ~elwtrriumin water should be measured relative to assessing chronic 
toxicity and water quality st.an&rd compliance. Dr. Gutter said that, at a mininlum, selenite, selenate, and 
totd dissolved selenium should he measured, Another experf added tfrat particutate should be memured as 
well. The experts discused this q w d o n  but did not come to apeemnt .  Expertr with opinions on this 
topic were asked to write summaries of their opiniom. 

T)r Fan gave the following sumraw of her opinion r e p d i n g  the significance of differentiating the 
protein-bound &adion of particulate selenium in the water column: 

Particulate selenium can originate from lit* planktonic orgalism$, organisrnai dehrishwte, and 
soilhediment particles. The bioavaihbility of selenium aaswiated with these different sources can 
vary, Presumabfy, selenium associated with organisms and biockbris represents a dietary mutt: of 
exposure for aquatic consumers, and &is fraction ofse!enium may be more concentrated and 
bioavclilhle. Since setefiium bioaceutnulation and toxic effects are mainly expressed through dietary 
exposure, it L important to distinguish the fractian af particulate selenium that is more 
representative of the consumers' diets. However, it would be a diff~culttask to specjate ail of the 
selenium in pasticulate matter thzt is of bisfogical origitl. The fraction of biogenic selenium 
associated with soluble proteins m y  be convenient, because it may also be the most significant 
seienim sink in plankrtonic organisms exposed to mvironmmtalfy relevtint wrtterborne selenium 
concentrations. Major inclvrporations of selenium into bulk algal proteins have been documented for 
several ategories of dgae (Wrench, 1-978;Fan et at., in press; Fan et al., 1998). Bwed on known 
selenium biochemistry (e.g,, the prop@tlsity of selenirm to substitute in suffUr amim acids), similw 
incorpordbns may well be applicable to other plmktonic organisms. Tlwrefore, monitorring 
protein-bound selenium in particulate matter may provide a more representative linkage Erom water 
to aquatic consmers in t e r n  of selenium exposure. 

Dr. Adams gave the following summary of his opinion regarding total rwovtxable selenium mewttrements: 

Total recoverable selenium is recommended as me of severd measurements that could be made to 
cornlate with adverse effect3 in the field. 1714smeasuremr?nt includes dl of the forms of selenium 
p e s ~ n tin a water sample (both dissolved a d  p&ic;ulate) except those tied-up m the crystalline 
structure of suspended sofids, This recommendation is based on the need to identi& a mensrrrement 
that can be performed routinely and reliably across multiple labomtories. Additionally, many of the 
existing relationships between witter, sediment and tissue have been developed around either total 
recovwable sefenium or dissolved ~elenium. Ultimately, what form@) of seteniwn should be 
measured depends upan the use of the data. 

Dr. Cutter gave the foflotving summary of his opinion regarding selenium measurements: 

Additional meas~imments that are recommended for water include dissolved (defined as $0.4 m i )  
and particxilate selenium. Dissolved m e a ~ u ~ m & s  would be memired ns total dismlved selenium, 
sebnate, and setmite. Sea2 (selenides) wauld Ire determined by s~tb-ttacting Se4 + +e+6 from total 
dissolved selenium (Cutter 1982). Part id& seienim (d&ned m selenium mlssociated with 
particles >0,4 ,urn) could be memired as total s e h i u m  as wet1 as SeMand Se"6. Elemental selenirun 
wouM be detemined sepamtely by direct analysis for SeO (Velinsky and Cutter 1998). ~ e " ~would be 
determined by difference (i.e., subtracting [alementd + SeH + SeCdf from total particufate seieniim). 
As an approach to reduce costs one could consider speciating samples. especially the particulate 
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fraction, only on a periodic b ~ i s .  

Waterborne exposure to geleraim in df it8 wr;toiw form is mtsnsh I&$ 
exposure in determining the potential for chronic effects in aquatic organisms in general and for Fish 
in particutar. 

The relationship between selenium in water and sodinlent relative to the aquatic organisms that live 
in these compa;rtn~ents and constitute the diet of fishes is key to undershnding the food chain 
transfer of selenium. Factors &at are import& in undersbnding these miationships include rates of 
tran~formrrzionand specsiation of selenium, rates ofexchange of selenium between sedirrrerrt afld 
water and orggnism tissues, and types of organisms constituting the food web. 

Peptide- and protein-bound forms of selenium in the did of aquatic organisms rue emerging as 
critical factors in assessing the potential far chronic eEects in quatic orgmisnur. Free seleno-
methionhe appears to exist only at very low levels in tissues and in water. 

Rioconcentration and bioaceumul&on factors are invemeiy related to W e t  exposure levels, which 
complir&s their use in developing water quality criteria. 

To evalmte seieaim in tile writer mtnpmtment of rsquatic ecosystems it is recommeadtded that at a 
tnininwm dissolved versus particulate selenium be differentiated and that seiemte and selenite be 
determined in the dissolved fraction. Additionally, it atspears useft~i to determine selenite, selenate, 
a d  protein-hound and total aeleniwn in the particulate fraction of natural surfse waters. The l&er 
may be of less importance for industrial discharges. 

DISCUSSION SESSION 2: 
Technical Issues Asw&ted With a Tissue-Based Chronic Crilerion 

Dr. Hamilton opened the session by rentasking that tissues integrate all exposures an organism experiences 
and represent the biologicd eff'ecB that water quality criteria are intended to prevent. 

Qrrestiun 4: Which forms of sefEniumia tissues am taxicolo@caUy impnrtaat with respect to causing 
adverse effwts 0x1freshwater aquatic organisms ~tnderetlvironmentally realistic conditions and 
why? 

Dr. Hamiiton presented a brief sumlay  of each individusl's comments on this question. He said there tvas 
general agreement that the form of selenium of concern in tissues was an organic, or protein-bound, form. 
We asked for my comments or concerns. 

Dr.Chapman asked whether this question included o isms fed on by fi,sh,poiating out that, if so, it 
would he important to think about the issue of gut contents and to specify whether organisms should be 
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Dr.Fan submitted the foliowing comments on the potential effect of selenium on commtwity &rueture: 

It is clew that selenium, regardless &the form, is less toxic to lower trophic argmistvls including 
primary wutd secondmy producers, zooplankton. and benthic invertebrates. Selenium contamination, 
however, cm have &n effect on the cornpetitivenws of diffe~nt componerut,4 of a given community, 
leading to an alteration of &the; commmity stn~ctwe.For example, in Safl Ffmcis~oBay in the 
1980s, a shiR fksm a di&om-dominded to a men algd community occwred. This shiR preceded an 
expiosive growth of the Asian clm,  Potamocorbuira amurmsis, vvhich is an extremety efficient 
accumulator of' selenium (Brown and Luoma, 1995). It is tmclear whether selenium contarnintttion 
oontribu&?dto the chmge in the xzlgd community, nor can we draw cotlclusions &out the rok of 
selaium in the &undaw$ ofthe Asian clam. However, selenium is interwting with lhls new troplric 
system, and a selenium bioacet~mui&ion factor of aver 100,QCMfiotn water to the clam hns been 
observed. Xn addition, the Asian clam is an importmt food soivce for the indigenous sturgeon. 
There is some evidence that t-he sturgeon pr;rpulation in the B8y is not actively t%producing and that 
field-collected &rgeon e g g  exhibit high pivts per million (ppm) sebnicm concentmtions, 
papticularfy in certain pmtein fictions (Krall end Doroshov, I9911. Unfb-tmntety, the reiationship 
between high sek&m egg content and sturgeon reprodrtction problems has not been clearly 
establisltetd. It remaim a real pomibility, however, &at selenium plays an important role in the 
impact of altered lower ~rophiccommunity structure on fish reproduction. 

Dr. Rieflet submifted the following cornen& iicm sstenitun toxkity md &gal communities: 

Dr. Riedd h s  observed at lms%one "field" 'me of selenium toxicity at concentrations representative 

Section A - Organizations 



of mildly cont;tminwted sites. Ridel et st. (1996) made 10 pgfi, additions of both selenate and 
sclenite to naturaf phytoplankton cultures cotle~'ted from Hyco Lake, as part of a biotrm~formationn 

' 
experiment. Tlie sclenate cultures showed a mild reduction in growth rate and mmtutimum yield 
(--1O0~o) compared to the control and selenite cuitwes. To vwi& the study, a series of selenate and 
selenite additions w e e  made to another natrmf collwtimn &om the same site m e  mmah latex; in fkis 
case, 10 p@, selemte showed no inhil>ition, 20 pg& declmased growth more than 10W, and 
inhibition was complete at 2 0  pgiL. Selenite did not show inhibition in these experiments either. 

If selenium toxicity to a particular species or soup  of species were to occur in the field, it would be 
very diflicult to observe from the existing commmity; the absence of some subset of possible speciw 
tvould not readily be deteeted (unlike the situation of fish in Belews where some 13 of 3 7 pomible 
fish species were eliminated, there are hundreds of possible phytoplankton species, and rapid 
changes in species composition is the norm) Even a relatively small decrease in growth rate by an 
individual species could lead to a very rapid decline in its abundance relative to maffmted species. 
Nevertheless, the lack of these species could be significant in the food web, or a%links in the chain of 
selenium bioaccumulation and biotransformertian. If the semithe species are truly randomly 
distributed mong taxa, she clames, edibility to higher trophic levels, etc., diff'erential selenium 
toxicity to phytoplankton is probably not a significant influence on aquatic ecosystems. It is 
unlikely, however, that the effects are wily random, afid the net effed of selenium toxicity to 
phytoplankton may be to inhibit large cells to a greater extent than mail ~ef ls  (e.g., klunwar at al. 
1987), diatoms to a greater extent thanblue-greens (e.g., Sanders et al., g989), md so on. 

To return to the original question about toxicologically important selenium forms in tissue, Dr. Fan s ~ d  
that she did not believe that all selenium in tissue is in the protein-bound form. She cited a study ofher 
group's, currently in press, which found that the percefit allocation of selenium into protein in algae varies 
with varying selenium concentration (Fan et al., in press). Dr.Cutter, referencing his dissertation work 
(Cutter, 19821, said that the remaining seImium could be going into seleniwn esters. found in membranes. 
Dr. Hamilton asked the experts whether the bottom line of the discussion was still that incorporation of 
selenii~m into protein W R ~tbe trigger for biological effects. The other experts agreed that this is at least "a" 
bottonr line. 

Question 5: Which form (or combination of forms) of selenium in tissues are =$st cluseiy comelntd 
with chronic effects on aquatic life in the field? (In &her words, given current or emerging 
andytical techniques, which f m s  of selenium in tissues would you measure for correlating 
eapusure with adverw effects in the field?) 

Dr. Hamilton sun~rnarized the experts' premeeting comments for this question as follows: 'Ihm were a 
variety of answers and agreement on some points. Tbe experts agreed that there has been little speciation 
work in fish tisiixe. 'TZw forms suggested for measurement were largely total selenium or protein-bound 
selenium. WilIitxm Vat1 Dweer said that he would measure total setenium only if the exposure was a field 
exTnsure, 

B,Hamilton asked Mr. Vm h m e r  to etaborate on his premeding comments. Mr. Van Derveer replied 
that his concern is in latxrr&ry saudies, whm diets afe dosed with a specific salanium form, the 
midwets th& accumulate in the tissues may differ b m  the full bioge:eoch%miealspectrum that is found in the 
fiejd. Dr. Hamilton replied that he h d  dme a &udy in which fish were fed die& either spiked with sdedo- 
m ~ i o n i n eor mad%up of sel the fiekt He Foundmimor-&age egetlts 
between the two dids (Mamiltan et a!., 1990). He dded that titere has been at Icst one other study thsd 
indicated that seleno-methionine is a good model for selerlium present in the food cham (Brysnn et ai., 
1985). Dr. Skompa said .that there is fairly strong consensus in the scientific litemtiire that fmd-chain 
selenium, men though it is derived fmm different fnmw in water, exerts the s m e  toxicity on a amper 
gram ba&. Bwser et al. (1993) showed &at seleno-methiwine, selenltte, atd sclenite lrioaccumulate to 
different levels, bit exert the same toxicity at the m e  fevels, However, the various forms will move 
diRerentty from water into the fwd  chain; for exampte, compare Chevron Manh to Kestetson (Skonipa, 
1W8).Dr. Cutter pointed out that the Byson et al. study related to water exposure, not seletliztm Rdded to 
the diet. 

Dr.Wmilton summarized that the form ofselmitm in the timue most dosely associated with biobgical 
effec& is an organic form. B,FairhroIther reminded the other experts that the origin4 question was what 
to measure in tissues. She added that, historically, total selenium is whaf has been nreamred in Gssues to 
relate to effec&, but that in the fiture more measurement of protein-bound selenium should be done. Dr. 
Ilamilton agreed, hut Dr. Riedet sdd thd-t, fmrn a monitoring perspective, total selenium is adequate for 
tissues. Dr.Fairbrother pointed out that the morning's discussion indicated that there is not always a good 
conetation between total concentrations md effects. She speculated that these differences courd be related 
to different amounts, or different typm, of protein-bound gelenium The experts discmsed the implications 
of the variation in fit: conelation between tiswo levels of selenium and effects. Some argued that this 
vltriatisn mostly n;sults from individual and interspecies variation in metabolism and fitness, whereas others 
said it may result &om diEerent forms of selenium in the tissues. ?Jle latter group thits argued for 
improved speciation of' selenium foms in tissue. 

Questlorr 5: Which tissaes (and in which species of aquatic orgami~ms)ere best correlated with 
w e d  chronie toxicatqicaf effect thrahtdds fos selenium? 

Dr. Hmilton summarized the experk' pmeeting comments as foliows: Airnost all of the experts said that 
reproductive tissue is best correlated with oEed kesho ld~ ,  Some suggested that whole-body residue 
measurements wotlld aiso be acceptable; whole fish are easier to obtain and much of the data in the 
literature is on whole-body residttss. Dt,Fairbrother md Dr. Chapman su ested sampling benthic 
invertebrates; Dr. Cutter recommended the cflosol ffaction of prey orgmisms. 

Discussion: 


Ck.Hamilton asked the exper& whether they codd recommend the ovaries as the tissue of choice, evm 
though ovaries are not avaif&le all year, After a brief discussion, the experts agreed &at fish ovaries are 
the tissue of choice in which to meamre selenium levels. This agreement, however, was followed by 
further discussion. 

Dr.A d m  said that there needs to be a great deal more data on the variability of thresholds of effect 
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among various species, habitat types, and environments. Dr.Hamilton agreed. DP.Adams said that it 
would be important to c h w a c t ~ z e  the distribution of sensitivity among orgmisms rYf interest, as is 
citrrtntly done for the water-colwnn criteria. Dr.Fairbrother a&& wh&w the variability is b a ~ d  mostly 
on species sensitivity, or whether the type of selenium measured and the problem of gut contents contribute 
to the variability. T)r.Hamilton said that a lot of the variability ill the cumnt data set is due to life stage3 as 
older organisms are more sesktant. We said that, if wbo8e-b 
sampled. 

Dr. Fairbrother aked  Dr. Skon~pato comment based on his experiefice with the agricufhtral drainwater 
study. He replied that that tjpe of dataset woufd be useful for taking a prob&ilistic approach to the 
criterion. The hiational Inrigation Water Quality Program (NIWQP) datawt (Seiler, 1996) h ~ sa large 
amount of data refating water coconntrations to fish tissue levels ( dmo~ t  exclusively wlnote-body). Dr. 
Skontpa said that this data could be used, along with good measures of tissue effect levels, to devefop a 
water column number that was associated with a certain probability of exceedance of effect thresholds. He 
agreed that more work would need to be done on effect-Ievet variability mong  species. Dr. Fairbrother 
said that, if this type of andysis were done, it woutd be important to look at all the relevant pasameters. 
such as what type of selenium is meamred, whether the gut content is incfuded, etc. 

Dr.Fan asked how endangered species could be sampled for regulatory purposes. Dr. Hamilton replied 
that a muscle-plug technique has been developed, in which ct biopsy is analyzed by neutron activation. 
Unfortunately, muscle tissue does not seem to correlate well with effeds, based on his research (Hamilton, 
tmpublished), f)r Fm asked if blood sampling is an option; Dr. Riedel replied that it is, although it is hard 
to get b lod  from the stnailer fish. Dr. Hanilton said that he has seen sampling of gills, blood, heart, and 
liver, but that are few data on these tissues. Dr.Riedel responded that his p u p  had sampled various 
tissues m fathead minnows. 'bey found that selenium concentrations increased more sfowly in muscle 
tissues than in other tissues. Selenium concentrsrions in Lrvers, however, mirrored concentrations in ovaries 
(Dr. Denise Elreitburg, unpublished research for the EPRI project), Dr. Riedel noted that, unlike oovariee 
livers ase available all year. 

Dr. Adams said that he thinks gonadal tissue is by far the first choice, because it is where the most sensitive 
effect is e.uflresse&; it is worth waiting to san~pIe this tissue when it is available. Other ewe& age&, 
although it was pointed out that there are additional sampling dficukies; some fish bear their young live, 
and sometimes it is difictdt to get gonadal tissue even during the reproductive season. Dr. h I y  said a 
good approach would be to *get a sensitive species that is widespread, such as a salmonid or a 
centrarchid, depending on the water body. Other experts reiterated that assessing data sensitivity across 
species would be crucial to the estabfishent of a tissue-based criterion. 

Question 7: How ceptaixt are we in rehtiafl: water-tolumn concentrations of selenium to tissue-
residue wncerttxations irr top trophie-level orgilnisms such as fish? What are tlw primary sourecs of 
rincet-ttlinty in this extrrrpolation? 

Dr. Hamifton summarized the experts' prenieding comments as follows: Experts expressed th& they were 
"not very certain" about making these correlations. 

Diwussion: 

24 

Dr. Haaniftan made tls;e? point tfiatt there are many situations in which the water-cohm~ concentrnlion of 
selenium is low but tissue ieveh are high (Hamilton et al., 1990; Schfoedec et al., 1988; Sknmpa and 
OfilendorF, 3 9 9 1 ;  Zhmg and Moore,1996). Loading to tissue can come from the sediments and biota a5 
welt as from the water. Dr.Hamilton dso  mked whether it is possible that seleno-metitimine is found in 
such low conerdrafions in the w&es c01umn k m w  it is highly bioavailabie and t&en up immediately 
~ h a ncells I>r;t?. TPr,CW~?P rrp is working on this question. 

The experts discussed uaing the NIWQP dataset to devefop an empirical probabilistic approach to 
correlating watw-coltimn to tissue concentt-atiom of selenium. Dr. Adants did not have great success in an 
initial attempt to mltke these correlations (Adams, tinpublishedh but he plans lo redo his ianafysvsts Dr. 
IIamilton mid that better cowelations could probably be achieved by taking site-specific factow into 
account. Dr. Adms agreed; he said that some of the published studies say that selenium transfer from the 
water to the food chain can be predicted well within a small site. but attempts to extrapolate to a reg~onal 
or national scale fall apart. 

Dr. Cutter raised the issue of' detection limits, which he said are often not low enough for researchers to 
adequately mdce the correlations that are attempted, He recommends 0.01 ppb, bcnuse must 
unconminated waters are below 0.1 ppb total selenium. He and Dr. Skon~padiscussed this issue. Dr. 
Skompa questioned whether arch a low detection limit is necessary if the effects threshold is n m h  higher. 
Dr. Cutter responded that the lower the detection limit, the more ~weful the data will be for future uses and 
for looking at sublethal effects. Dr.Fairbrother agreed that a tow detection limit was a good tdea when 
w i n g  to esZrtblish water-tissue correlations. Some experts objected to the characterization of the natural 
background concentration of seleniuni as 0.1 pph, hut this discussion was tabled until the cross-cutting 
session. 

Tk.Hamilton then asked whether the other experts b g h t  there would be more certainty in relating 
dietary concentrations to tissue reddue in fi& and then in the two-step process of relating w m r  to food 
organisms to fish, The experts z p d  that there would be more certainty in these relatinnships, but thtrt 
they still would br: difllclult to qumtify. Many of the experts mentioned the ditriciilty caztsed by spatial and 
t e r n p d  variabitity In water-cnfumn selenium concentrations. Dr Fan also questioned how to define diet. 
She mentioned Saiki's work in the San Joaquin River and Srtn Luis drain (Saiki and lawe, 1987; Saiki et 
a]., 19931, which showed a good cornlation between benthic inwrtebrates and detrital selenium. She 
emphasized, however, that it is c~ucial to deternine what organisms are Wualfy eating when trying to 
model food-chain transfer Dr.Hamilton added that this point brought up the issue of sediments, which can 
be a source of loading to the food chain, and thus should potentially be included in correlation models. Dr. 
Fan said that migration of organisma in and out of the system poses a n h e r  problem for correlations. 

Dr.Hamilton summarized the discussion from this session, He said that he thought the expelts hixi come 
to agreement that tissue integrates all exposureq whether different fwd  types or water. Issues that had 
been raised included community change and variability in .the sensitivity d t h e  reproduction endpoint across 
fish species, and sometimes within species, there are limited data on both of these topics. He said that the 
group had not thoroughty discussed which endpoint was appropriate to examine (e.g., mortality, growth, 
deformities), Dr. Fan responded that this is why she thought the blood idea would be intereding. Selenium 
may reduce blond's oxygen-caving capacity, and this endpoint would respond fairly quickly to ingestion 
of seienium. Dr. Nmniiton replied that an impo-t question to misk in considering an endpoint is whether 
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the effect is reversible. If so, the e=ct may not be truly adverse; it may not have effects at the ppufation 
fevel. 

Dr Hamilton said thai the experts had tdiargely agreed that tbe ovary is the best tissue in which to measure 
residues; larval fish are a second choice if ovaries are not available. We reiterated h a t  &e issue of settsitive 
species is key. He said that infomation sn tinking sediments or water hack to tisue is a data gap;too few 
data exist to build a good model. Dr. Adms said that he thinks the dztra exist, but that gathering su@cient 
data to encompass variability within and amoss sites would be a Inrge task. He added that EPA should 
make a broad effort to compile these data sets. Dr.Fairbrother put in a cautionary note that the empirical 
approach of using large data set3 to look at correlations is a useful starting point, but the real god should 
be to understand mechanisticslly how selenium moves through the different compartments in different 
systcnls. Dr, Hamilton agreed, md said the data set should be built arautld reproductive studies in a series 
of fish species. 

Dr IIatnilton said that some of the experts bad suggested sampling benthic invertebrates becawe they are a 
key component of the food chain. We agreed that this 1s a good idea, and added that tissue concetltrations 
in these organisms will be less variable than other components ofthe ecosystem. Dr.Riedel pointed out 
that selenium concentrations in benthic invertebrates are highly drected by gut contents, but other exp&rts 
replied that this p b l m  cat1tx solved by depurating the organisms. Dt.Adams said that which 
compartment is most variable can be site-specific; sediments can be wry heterogeneous md may therefore 
be highly vnriabk. Mher experts responded that this problem could be addressed by sampling in multiple 
focations. 

Dr. Adanis made the find point that, h e n  looking t& sensitive species, it is in~portmf to look at species 
that actually occur in the region under study. Dr. Wmilton agreed and added that, in the we&,one may 
want to diff'erentiate between native and introduced species. 

Conclusions: The foilowing summary of the entire discussion session was written by the discusdon 
leader and reviewed by the other experts. 

'There u m  m unexpected. readily reached agreement on the four issues concerning the possibility of a 
tissue-bsed chronic criterron, The expea agreed that the selenium form in tissue that is toxicologicidly 
important with respect to causing effects on freshwater &patic organisms under environmentally realistic 
condikior~s is protein-bound setenium. By "protein-bound," experts memt all organic selenium foms as a 
group. It ulas acknowledged that diffment foms of selenium can exist in tissue, but snaiysis of tissue 
selenium is typicatly as total selenium and not by speciated f m s .  In general, the organisms of concern 
were ftsk which is the group usually emphasized in consideration of adverse effects on quatic life. 
However, aquakic invertebrates were mentioned as another tissue of concern, because they represent 
important link in food-chain transfer of selenium in the aquatic environment. 

Protein-bound selenium, measured as total selenium, is the selenium f m  related to chronic toxicity, The 
major concern was organo-selenium forms bound by proteins rather than free orgmo-selenium or inorganic 
forms. One concern raised was that the form of se'lenirm to which organisms are exposed might inRuence 
the resulting tissue residue; thus, emghaqis should be on use BE data from environmental fiefd studies ratber 
than laboratory studies in establishing a tissue-based criterion. The key tissues identified by experts were 
fish gonads, ovaries, or eggs. Due to the limited awilability of ripe gonadsleggs, howewr, newly hatched 
larvae analyzed for whole-body residues were recognized as a possible alternative. Most data are on 

whole-body fish, but for a variety of life stages rather than the preferred, sensitive larval life stage. The 
datrlset for gonads, ovaries, and e are more limited. Liver tissue ww mentioned as a third tissue for 
possible monitoring of residue concentrations. 

to tke dietary route for W ~ ~ E I ~ C I X P I ,benthic irzvetzebra~esw m  recoggtized as a p ~ s i b l egroup 
of wganim~t~ monitor in msessing atdvtjrve effects on aquatic mvirm~ments, wpcially from the 
standpoint of shifts in the compaqition of a community and the resultant effects on higher troplmic fevels 
which might also shifl in composition. Ovle concern with benthic invertebrates was possible errors in 
residue concentrations due to gut contents. 

Even though tissues were readily embraced as a possible component for establisl~ittg a criterion for 
selenium, the relation to wtcr concsnfsations was questionable Experts readily acknowledged that there 
was a tot of uncertainty in modeling the retation between concentrations in fish tissue and water, However, 
the level of uncertainty was less for the relation of selenium in water to that in aquatic invertebrates, and 
concomitantly, from selenium in dietary organisms to fish tissue. 

Data gaps were identified including the limited number of fish reproductive studies where e*qosures 
included water and dietary rotttes using redi&ic water chara~'teristics and food organisms and where 
meaningful endpoints were measured such as egg and larvae residues along with biological effects on 
offspring. These reprodttctive fish studies should include several represedative fmilies of fish. 

DISCUSSION SESSION 3: 
Tech~icd Issues Assochted With n Sediment-Based Chrollie Criterion 

Mr. Van &weer opened the session by making some general observations based on the premeeting 
comments. First, sediment is the dominat~t sink for selenium. Second, sedimentary organic materials 
(detritus) are an important dietary resource for aquatic invertebrates, and seleoium tends to accumulate in 
detritus. He added that the iiterztiure applichle to sediment-based criteria is spame; most p'fsticipants 
relied on two to three referenms in their comments. Finally, he said that there was a range of opinions 
expressed in the comments regarding the potential merit of a sediment-based ctiteriot?. 

Question 8: WUeh farms of selenium in sediments are toxicdogicstly importent with respect to 
causing adverse effects on fmshwater aquatic organisms under envi.ronmentitlb realistic conditicms? 

Mr. Van Beweer presented a brief summary of each inliividtlill's cornmeets mthis question. Experts 
expressed a r a g e  of diikrent opinions. Foms suggested included total selenium, elemental and organic 
selenium, and dettital setenium. Various experts made the points that redox d%xts speciation and that 
improved analytical methods are needed, 

Discussion: 

The issue of sediment heterogeneity was raised and discussed by some of the experk They agreed that 
selenium can be distributed very heterogeneicdly in sediments, and that this should be considered in 
sampling and modeling. Dr. S k o q a  added that the spatial heterogeneity of knthic invertebrate 
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distribution should also be noted Hc said that &is distribution uftcr~ maps unto the spatial hetcrog~mity of 
selenium; both are Found in areas of fine organic matter. In his opmion, sampl~ng that dncs not concentrate 
on these arcas m~s~c'prcscnts the trrxiahgical risk IX. Kiedcl agreed and %id that mmali~ation to total 
organic carbon Q'f'Wjis one wa? to solve this problcm Mr. Van Ikrvetr %id that hc ~vuuld later present 
some dab show~ng that depositional zone selenium concetskratmns can fairly well predict concmtrat~ons in 
ri ~ ~ 4 ~ v c l l m grniriyos 

Mr Van inn eccr askcd t)r Adams tu elaborate on hrs call for rmprovcd andytlcal metfiods For sed~m~atiuy 
selenmm Ih hrhrnl;replied hit1he sees vafidh~hty among analy ttcal kborattsnes tn determming sed~ment 
seleni~un spccladon 1% Cutter responded t h t  the tcchnicllcs are established, but t h t  htter training may 
bu ncccted 1Sr Skorupu said that he ugrced ~ i t hUr. Adam, and added that it is important that all 
analyt~caldata be evaluated Ik Kiedel agreed that &ere is a problem wrth analys~s for selenate. He and 
Ilr Fan acfvtmmi the evpnsion r)P the uvc ofliyuid chromatopsaphy for selmium maljs ~ s  

Mr Van Derveer asked if there were any other issues related to question 8, recogni~ingthat the literature 
relating sed~rncnt concentrations to tourc~ty1s sparse fk Cutter replied that, bccuusc of the Iack of 
l~lcrtlturc, the conclusron should he. that the cxpertv h d  low confidence in amwering fl~c question. Dr. 
Kiedcf aged 

Mr Van Derveer prcsonted a gaph using data from tt publreation of his (Van Uerwer and Canton, 1937) 
(F~purcc5 ) .  'L'hc graph showed the rc~ahonsh~p kttw~risedimcntq sclcmum ccrnc~ntmlion and effc?c;luin 
fish, ustng data from a vunety of sources, tncludtng NIWQP, Helews I,ake, Hyco, and others Mr Van 
k>crveot said &at there appears to hc a clear concenkatlon-rcspnso ratio, but that ~ m r cdata are ncoded. 
t)r Skontpa cnutloned that the p~werof the study shouId be kept in mind wh+rt there is a finding of "no 
cffccct," as many studies lack the ncccssetry ptvw to detect eflects 

Quest 
eombi 
n1 osl 

Reanatyes of Sedimentary Selenium Toxicity Oat%from 
Van Deweer and Canton (1997) Using Only Effects 

Data for Fish 

ion 9: Which form (or 
nation of forms) in sediment are 
closely correlated with chronic 

et'hcts on aquatic life in the fidd? (in 
other words, given current or 
emerg ing analytical techniques, which 
forms of selenium in sediments would 
you measure for correlating 
expos ure with adverse effects in the 
field?) 

isisct~.~ 
p r e m  

Mr. Van L>L.nfces prescntcd a brief 
swnm a1y of each individual" smmmts  

question as fu11ows: He himself 
said to measure total sclcnim wnd 

with bwthos. Dr.Fan siild to measure protcim~eous s e l ~ n i m  md selmo-methioninc in bcnthos and 
detritus. r3r K~edel said that better analytical methods are needed, and Ilr Sknrupn said that a matched 
sdimenl a d  henfhos study is needed. 

tk, Adams cfarlfied that the lack of correlatinn hetween selenium species and benthos results from the lack 
of data on the sub~ecl. t)r Fan said that hw recommennhGon to measure pmteinaceous selenium mas 
based on an edwated guess that detrital selenium 1s probably concentrated 1n peptides or potems Dr. 
Cutter agreed that this is a reasonable nssm~ption, Dr. Fan added that her group performed an experiment 
in which t h y  comlxred detrital malenal captured in a sechmcnt trap to cored sediments 'The material that 
settled in the trap {rich in detritus) contained an order of magnitude mox selauum than did the cored 
sediments (Fan,unpublished) 

Mr. Van Demwr presented hs unpublished data from n study m the Mddfe Arkarms Rtver 13asin in 
Colorado (Figwe 6). The graph was a log-log plot relating sedrmentary selenium to selmum 
concentrationsin chironomds Ile pomted out thot there seemed to tx a positive rehilt~anship The experts 
dtscussed the passibility of relating thzs rnfomtion to the effects ~nformat~on m thr; prevrwls p p f i  to 
cstirnlrtc a chre&old ol" drctary selenium associated wilh offcts m fish. Mf- Van Ikrvecr agecd &at Lh3s 
was a useful direction for researoh, but he stressed that far more data wu ld  be needed. Dr Skon~pa added 
that, to perform such nn amfysis, it would be impartant to h o w  w h t  the fish were czcthutlly eatmg The 
exprts d~s~ussedl seleruum values 1x1&c possibrlity of using assimlla&on efRcimclcs and protern-~wmah~cr11 
foud-dmin rnudelmg. ?'hc variety of food chstrns present m diffmnt huthttRts was also dxsusscd, not only 
do lotic and lentic systems differ, but lotic systems have high- wd bw-encrgy areas 

Quest ion 10: In priority order, which 
sedirn ent quality characteristics (e.g., 
TOC, 
sffeeti 
biostcc 

Relationship%Wen the Conmntmtiomof Selenium 
in Bulk Sediment and Chironomidee Larvae in Streams 

of the Middle Arkansas Rivet Basin, CQ 

ete.) arc most important in 
ng the chronic toxicity and 
~lmttlationof selenium to 

fresh water aquatic jifc undw 
enviro nmentally realistic conditions? 
Of these, which have hem for can 
be)
sdeni 

quantitatively r d ~ tcd to 
um chronic tclxicity or 

biolrcc urnillation in aqi~atic 
organ isms? 

D~SLTJS 
preme 

Vnn Deweer paw a bnef summary 
each mdiwdual's comments on this 
an. I le said there was 8 reasonable 
of agreement among those who 
dcd Evewono who rcspndcd 

MTMNF Draft PElS Public Comment Compendium SectionA - Organizations 



systems,wing 204water-sediment pairs from 15 water hdies  (Adam, rmpblished). 'fhe correlation 
oucEcm~lMBS 0 66 owntll 

the tine-pined 
yielded aWettern Streams Model from Van Dsweer and 

Centon (1997) the coarse-
cut.slctcient was 
nut that, as with 

Mr Van Ikrveer showed another 
gaph from his work to stimulate more 
cnnverssttzon (Ftgm 7) This gaplh 
showed thc prc~ductof dissolved 
selenium ,md sedmentrlry
Tm on the x-axis wid s c d i m ~ ~ q
selenium m the y- a m  He noted that, 
a t  feilst in strmms of Ihc:western United Stales, there rs u fmrlj predictable relationship L)t Cutter 
suggested revtsitmp h e  data wth a atlm~1t;tattonto ahminun in the low-TOC range (i e., normafirx! to 
""1'OC: or alummsltn") CXmr cxpcrls s ad  that a is impurtrtnt to cons~derwhether systems are at 
equilihrim or not @or example, is there an ongome, ~nput?) 

Relicarch Needs 

I 3  Fa~rbrotbcrrnoked the conversation ta thc issue of rcsoarch ncods. Dr Fan mrd therc is a need to test 
the relationship among tviiterbome selenmm, 1'W,detrital selmrum,totd sediment selenium, and biota 
selcmunl for aIf abundant scdmnt  species. Dr k c d d  said that it would be important to obtain tfie 
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thic organisms and to examine how the dierent types dselenium 
m Detveer said that the issue of whether or not organisms are 

er said that a coupled emtination of ll?r:ecosysbrn md the 
13 at a site. Mr. Van Desvwr said &a$ he woutd iike to see a more 
s se-lenim acemulation in the sediments. Dr. Skorupa said he 

would fike to see more data t i ~ k h gthe biology of the most st~nsitive spmics to the heterogmejty of the 
sediments; some species may feed prefere-entiaily in $ti&-selenim mas @mcause of other characteristics of 
these mas). at.,Fan agreed that she would like to see if seleniiun accmulllition by balthns canbe 
correlatedwith selenium levels in ic-rich sediments. Dr. Wmiltoa~ mentioned the issue of differentid 
accumulation of selenium by closely rela2ed species (e.g., fla~ne%mouthvs. razorback msuckers). Mr. Van 
k w r  said that it woutd be ilseful to do some controlfed ~ ~ a t o r y  studies field-collwied 
sediments, perhaps running EPA's hrnbrdwltss bioaceumul&ion test. Dr.Adms said he would like to see 
examination of the sires &at haw relatively hi& Ievels of selenium but no effects seen; be mid that these 
sites shsuld help shed light on mechtwristic understanding ofprocesses. Dr.Fan said it is imporbt to 
understand the mechanism of toxicity; she cited a review article from the biomedical field (Spdlholz, 19941, 
which she wged the other experts to read. 

Mr. Van rServeer summaria& the lyreceding discussion, After some further discussion, the e ~ ~ e r t sa g w d  
that the following was an accurate summary: 

ELmental and organic selenlm predm~inate in sediment%. The process is somewhat redox driven, 
dqmnding on the system type and the ch ristics of the sedimfs .  Selenium tends to be located in 
detritus. Totaf selenium may predict toxicity; &ere are some questions about relating selenium 
concentrations to TTO, Eht: possibility of carbon-to-nitrogen (C:N) ratio nomalizlltion, normalization to 
prateins, and direct measurements of detritus vs. whole sediment. Spatiaf hetemli;eneity i s  an issue, ar is 
preferential feeding (scrme spec& feeding n weas with high setmiurn concentrations). In addition, 
there some issues with the power ofbi ais~essm- to deted effects. Concerning the question 
of what should be measured, there is some xgummt th& total selenium in sdcial sedkents should be 
meawed arid it was also pointed out &at multiple dietary pathways should be considered when &qexist. 
Direct comlaticms of specific sebnium fom to effects are lacking, but an overall cmsd reliltionship tends 
to exist, where Mgh selenium in sediynmmts tend*, to w-occur with effects at the population and conmxmity 
Ievel. Some exampbs might be (1) effects seen in Belews Lake h e r  the cessation of aelenit~m input and 
(2) microbial community changes. 

Which sediment charwteristics iqqmw to be mo TOC seems to he important, but may be 
impppriide for ntnoxi~ sedirncrrts where redox driving selenium accumulatiofl; there may be 
some pseudocorrefation or a simple biogeocbemicd process moving selenium and sequestering if in 
sediment. Qumtity of d&hrs may he important, and it may bi: impotitant to measwe that directly. In 
lenttic systems, the residence time appears to be important; sc?kni'~un wcumulaticm can be cdculated b w d  
on residence time and some other factom. Aluminum should Frc consider& as a m&ar for iatorganic 
sediment composition, b help differenti& degsitalm&er from inofganic m~tmilzl. Emux from sediment to 

is impomt.  Sulfate may be important to fiedimentary microbial communities, affecting 
on. (Dr. Fairbrother noted that most items on this livr reflect, not rresults reported in the 

litermire, but things some or all ofthe experts think shouid be importmt, based on their ~tnderst~din$s of 
the relevant pfocesses.) 
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Finally, relating sediment to water, a TOC model exists for western streams. Residence time is impartant 
for both lentic and latic systems. Whether the system is at equilihrit~m or not ghoufd be considered. 
Uncertainty is mokratr: overall for relating sediment to water, based on the smalt numl r  of publications 
specitically addressing this relationship. 

Conclusions: Tbe fullowing summry of the e~t ire  c-nssion session was wdtten by the dise~r&m 
leader and revievved b y  the other experts. 

Sediment is the dominant sink for selenium in aquatic ecosystems. Elemental and erg-ic selenium tend to 
predominate in sediment, wth  elemental selenium dominating under reducing conditim. Ckgmic selenium 
is believed to be markedly more bioavailable than elemenbl seienium. Sedimentary organic material9 
(detritus) are an important dietary resource for aquatic invertebrates, Selenium tends to accumulate in 
detritus, thereby entering the benthic-detrital food web. 

The literature regarding the toxicological effects of sedimentary selenium is sparse, and most workshop 
participants relied upon two to three pubtications for preparing their premeeting comments. Severd 
participanls cited a paper by Van Demer and Canton (1997), which coac~uded that the total sedimentary 
selenium concentr&jon is a reliable predictor of chronic toxicity in fish and birds. A rertnalysis of those data 
(Van Dorveer, premeeting comments), focusing only on fish. indicated that toxic eEects may occur when 
total sedimentary selenium concentrations exceed 4 ~ g i g  (dry weight), The field data that were coilected 
from Uelews take after c~lrlailment of fly ash irrput demonstrate the importance of sedimentq selenium in 
b~owcumrtiation and toxic effects on fish. A-though waterborne scfenium concentrations declined rapidfy, 
Se concentrations in sediment and biota declined very slowly and kratogcnic effects in fish p~pulations 
persisted even If) years later. Effects data for particular selenium foms in sediment are tacking in the 
l~terature; thus* preventing interpretation of sedimentary selenium speciation data. 

'Ihe relationship between sedimentary seleniurrl and toxicological effects may be affected by factors such as 
spatd heterogeneity in sedimentary seletlium concentrations, habitat selection by different types of aquatic 
biota, and preferential feeding habits of aquatic biota. Moreover, efforts to relate toxicofogical effects to 
sedimentary selenium concentrationg or selenium concentrations in my mwlvironmentrrt compartment, 
should consider the shtisticaf power of the effects assessment. It was hypothesized that prediction of fiod 
web bioawumulation and subsequent chronic egects on higher traphic levefs might be improved by 
memuring detrital selenium, proteinaceow selenium in sediment, or seleno-methionine in sediment. 

IJnpublished data (Van Derveer, premeeting comments) were presented which indicate thal a significant 
positive relationship exists betvveee total selenium in 8utliciaI sediment (ca. 0-3 cm) and sehium 
accumuiation in depwated Chironomidae larvae from streams ofthe middle Arkansas River bmin, 
Colorado. These data suggest that, at least fix some systems, total sedimentary selenium is wet1 correlated 
with bioaccumulation in benthic organisms. 

Ttx following sediment qunlity characteristics were identified as potentidly relevant to cbroaic selenium 
toxicity: 

Sedimentary TOC (possibly inappropriate fw afloxic sediments when: redox processes predominate); 
Quantity of sedimentary detritus present; 
Water residence time (longer residence time promotes greater sedimentary selenium accumulationlt); 
Nomalization of sedimentary selenium to sedimentary carbon:nitrogen ratio; 

Nomalizaaion of s ed immw selenium to sedimemry pratein content: 
* Efflux of selenium h m  sediment to water; and 

Sulfate concentrations (may affect the composition of sedimentary n~icrobial communities and &us the 
speciation of sedimenw wlenium). 

Sadime~tarq, setmiurn c ppoaci~es, with a moderate de 
of uncertainty. For s t r e w  of the western T_mited States, a TOC-based model can he applied (Van Derveer 
itvld Canton, 1997). Sedimentary selenium accumuldion irr lentic and lotic systems caa be calculated by 
considering resideme time a~rd applying a mass balance approach (Curter, 199 1). Because waterborne 
selenium concentrations tend to exhibit large temporal variations, the strength of the water-to-sediment 
coi~elation is affected by the averaging period seteded. It is also important to consider whether the regime 
of waterborne selenium input to a system is reltxtively consistent over time (e.g . a &wm receiving 
selenium from sutrounding geological sources) or recently altered (a.g.;., Belews Lake after curtailment of 
fly a& input). 

The following re~earch issues were identified as being refevmt to developing a more complete 
unde~tanding of Ihe role of sediment in chronic selenium toxicity: 

Assessing the relationship between &trital selenitm and food weh hiaaccumu$ation; 
* 1Jnder;standing factors && may cause variability in selenium accimullon in htsnlhic invertebrates, s~tch 

as interspecific differences, assimilation rates, and effect of sedimentary selenium speciation; 
Ev&uating the potential merit of depurating specimens prior to ~arrelLatjon with sediment, or any other 
environrnmtal compartment; 
Cwetliting sedimenttuy w i ~ i u m  concentraticms at preferred feeding sites wich particular ?pecks of 
interest (e.g,, endmgwed fish); 
Defmhg the rnechdsma of d e n i m  awmulation in sediment and 
Performing laboratory studies of sedimentary selenium accumulation by invertebrates. 

DISCUSSION SESSION 4: 
Crass-Cutting Issues Associated With a Chronic Criterion 

Dr. Fairbrother explained that the mox+cutting session was intended to caph~re issues && did not fit neatly 
in one cornpartme* as well as any other comments or ideas && any of rhe experts had not yet had a 
chance to raise. She fisted the fallowing issues to be discussed during the session: spatio-temporal 
variability and averaging times; emsystsm type (includfng lentic VS. lotic); raite-specific qproaches; 
analytical methods; sufliciency vs. toxicity; nahwat background; and interactions with other stressors. 

Qnestiw 12: Mow does time vari&iNty in ambient concentratjlons affect the biaaccumtxlatim of 
selenium in rqurtic food webs and, in particular, how mpicUy do residues in fish respond to 
increases and decreases in water coacentrations? 

Dr. Fairbrother smmarized the expert@' premeethg comments m this question as follotvs: Water 
concentrations can change by ten-fold in I month. Biowcumttlazion in fish tissues changes over months. 
Phytopfmkton and bacteria ac~umulate selenium rapidfy (5-6 days), with turnover in 2 we~.ks, The rate- 
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Normalization of sedimentary selenium to sedimentary protein content; 
EMux of selenium fmm sedintent to water; and 
Sulfate concentrations (may afiect the composition of sedimentary microbial communities and thus the 
speciation of sedimentary selenium). 

Sedimentary seleniutn can be related to wlttterlxlrne selenium using two qiproaches, with a moderate degme 
of uncertainty. For streams of the western United States, a TW-based model can be applied (Van Derveer 
md Canton, 1997). Sedimentary selenium accumulation in brrtic and Iotic systems can be calculated by 
consrderitig residence time and applying a mass bnitmce approach (Cutter, 1991). Because waterborne 
selenium concentration? tetrd to exl~ibif large temporal variations, the str~n@h of the wtlttlr-to-sediment 
correlation is affected by the averaging period selected. It is also important to consider whether the regime 
of wntcrborne selenium input to a system is rebtively consistent over time (e.g., a stream receiving 
selenium from surrounding geological sources) or recently altered (a+,, Belews M e  aRer curtailment of 
fly ash input). 

The followitlg research issucs were identified as being relevant to developing a more complete 
understanding of the mie of sediment in chronic selenium toxicity: 

Assessing the relatiomhip between detritai selenium and Food web bioaccumufation; 
Understanding factors that may cause variability in selenium accwnulrdion in benthic invertebrates, such 
as interspecific differences, assitnifation rates, and e&ct ofsedimet~lary selenium speciation; 
Evaluating the potential merit of depurating specinlens prior to correlation with sediment, or any other 
environmental conzpaftment; 
Correlating sedimentaty selenium concentrations at preferred feeding sites with partlcuiar species of 
interest (e.3.. endangered fish); 
Defming the mechanisms of selenium acmutat ion k sediment; and 
Performing laboratory studies of sedimentary selenium accumutation by invertebrates. 

DISCUSSION SESSION 4: 
Cross-Cutting Issues Associated With a Chronic Criterion 

Dr. Fairbrother explained that the cross-cutting session was intended to capture issues that did not fit neatly 
in one compartment, as welt as any other comments or ideas that any of the expert4 had not yet had a 
cl~ance to raise, She listed the following issues to be discussed during the session: spatio-temporal 
variability md averaging times; ecosystem type (including lentic vs, lotic): site-specific approaches; 
analytical methods; mfliciency vs, toxicity; natural background; and interactions with other s trwsm. 

Question 12: How does time variability in ambient coneetbtratlons affect the bioaecumulation of' 
sekitiutn in aquatic fund webs and, in particular, how rapidly cto residues in fish respond to 
increases and decreases in water concentrations? 

Disctsssion leader's summary of premeerip~g cmmenfs: 

Dr. Fairbrother summarized the experts' premeeting conlments on this question as fblfows. Water 
concentrations can change by ten-fold in 1 month. Bioaccurnulation in fish tissues cl~angeg over months. 
Phytoplankton and bacteria accumulate selenium rapidly (5-6 days), with turnover in 2 weeb.  Thc rate- 
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fimiting step is the conversion of the inorganic f o m  to the organic form. The t,, for sedimem depends on 
the form of selenium. 

Dr. Cutter suggested that averaging time should be a function of retention time [the physics ofthe system), 
which varies greatly between lentic md fotic system. Dr. Fan said that the biological component of a 
system can also have arr effed on averaging time. Ih. Skompa raised the issue that a shor t - tm 
spike can have long-term food-chain implications, based on the Maier et at (1998) study Dr. Fairbmther 
summarized that, in ddition to the phyzics of the system, the biology of the system has to be considered, 
becrtwe organisms will have different effects on the residmce time of selenium in the various 
compartments. Both physics and biology should be looked ;it when examining the relationship of water 
fluxes to responses or to fish tissue changes. 

Questioa 13: To what extent would the type of'ecnqstem (e.g., lenlic, lotic) affect the chronic 
toxicity of selenium? 

Dr. Fairbrother summarized the experts' premeeting cornmen& on this question as follows: There was 
general ageement that the type of ecosystem has a lwge effect on selenium cycling in the system. Lotic 
systems have a slower rate of convenion of inorganic to o~ganic selenium, shorter retention time of carbon 
and decwsed storage potential, arrd less accumulation of selenium in sediments, The modeling approach 
differs between lotic and Imtic systems. Baderia and p h y t o p l a o n  species differ between the two 
a m y d e m  types, which may cause dBereulces in bioace7umulation factors. Also, lentic systems have higher 
primary pductivity. Open (rather than cfosed) fish populations make chmges in recruitment more 
diBcult to dwument. 

Discussion: 

Dt. Riedel added that lotic systems have a larger co~ttributiofi of tenigenous detritus, which tends to  dilute 
the selenium concentration. Dr. Fan replied that if the allochthomus input is thougb selenifmous soils, the 
reverse could be true. Dr. Skonrpa said that another way in which 1&ic and lentic systems differ is that 
lotic systems are more likely to provide: the s o m e  water for lewrtic rather than vice versa. Dr. Fairbrotller 
replied that the reverse could also be true. Dr. Riedel said that the key point is not to consider pa& of 
systems in isolation. Dr. Hamifton agreed that the intwoomectian of lentic and lotic systems is important. 
He cited a study by R&ke et al, (1988) on the I ~ t v e r  Colorado River, which showed 'that selenium in the 
backwaters was coining from the rivw's main stem. Conversely, a study by Engberg (cwrentfy in review) 
showed that oniy 18 perctrrtt of the selenium entering M e  Powell stays in $he lake. 

Df. ArSams said &at there are other ecosystem types that should be considered, such as the Great Salt 
Lake, saline streams, ephemeral s t r e a r ,  and cold northern streams. He added that indigenous biology in 
each ofthe different envirannlcnts should be taken into accoutxt. 

Dr. Fairbrother questioned the statement that modeling approaches vary for difTerent systems. She said 
that, in her opinion, the major components of the model are conceptually the same for different systems and 
that what varies are the rate processes. She asked for comments from the other experts, Dr. Fan replied 

-- 
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that components other than rates v q  (erg., food-web composition). Dr.Gu$ter replied that food-web 
composition is taken into account by Th.Bowie's model. Dr. Sowie agreed. 

Dr. Fan asked Dr Bowie what was the minimum amount of information required to use his model for a 
site. Dr. Dowie said that one can use very ltttle information md make guesses. but that the more actual 
data that are included. the better the model is. He eaidthat the hyirology o f f e  system and the seIe~~ium 
loadings tvould be the nrost important infbmtation, followed by the food web structure and some 
information on sediments. Dr. Fan replied that it is di%cukt to get a good mass balance for a dynamic 
system. She mentioned volatilization as an important component that is difficult to measure. Dr. Bowie 
replied that he didn't think volatilization was a major factor iu ma& systems; further. the model takes into 
accoimt factors which affect volatilization, such as the volatile fractions of bacterial and algal excretions. 
During the discussion, It was also clarified that the main purpose of the model is to be able to tie biological 
eEects to water concentrations resulting from loadings, and possibly predict otrtson~es in hypothetical 
future situations. 

Site-Specific Approaches: 

Dr. Fairbrother sunmasized suggestions Dr. Adams made about different approaches for doing slte-specific 
assessments. These were: (1) Empirical database of fish tissue concentration as a fvnction of water 
concentrations (develop for a variety of species and couple with reproductive effect concentrations); (2) 
Apparent Effects Threshold fAET -- use it to identify areas where site-specifjc effects measurements should 
he done); and (3) Modeling approach (parameterize for the ecosystem of concern). 

k+
Ahms elaborated further on the AE'T approach. He explained that it is the approach shown in tbe 
graph Mr. Van Derveer presented earlier (Figwe 5).  For multiple sites, concentmtions of selenium in 
various compartments are coupled Mrirh information on the presence or absence of biological effects at the 
site, This approach identifies three ranges of concentrations: a range in which effects were never seen, me  
in which effects were sometimes seen, and one in which &%its were atways seen. This approach helps to 
establish rough effect threshold< and to identify sites for which more site-spesififrc data are needed (is., 
those m the middie range). The AET approach has been articufated for macine sedirnwb (Barrick d al., 
1989). Dr. Bowie said that, for such an approach, using total selenium measurements might not be 
dedrabte h r  sediments, became detritd selenium is what gets into the food web. Dr. Faifbrother agreed 
that, in the sedin~ents discussion session, there had been suggestions to nannalise to TOC or protein. Dr. 
Fairbrother emphisized that, for the AET approach, it would be crucial to consider whether the studies 
used had adequate power to detect effects. 

Dr. Fairbrotherthen asked Dr. Adams to discuss the idea of an empirical database. Dr.Adams said that 
this idea was based on various papers (e.g., Skorupa and Ohlendorf, 1991, Bhlendorfand Santolo, 1994). 
He said that, brtsically, this approach would again use information from multiple sites. Relatiomhips 
between, for example, water concentrations and levels in fish reproductive tissue could be graphed md 
used to create n regression line. The strength ofthe regression's predictive power could be evaluated; in 
addition, as with the AET approach, sites with strong site-specific influences could be identified. 

Us.Riedel asked Dr.Adams how he would modify the water-tohfish regremion if it did not fit well, k. 
Adams replied that his %st step would be to remove sites like Belews Lake, in which there is not an 

ongoing selenium discharge. Dr. Skorupa said h t  it should not be too hard to separate out the sites 
cawing the "noise" in the data, baqed on knowledge of site-specific fadom. Re expressed optimism that it 
would be possible to create a p o d  global relationship between water-column and fish-tissue selenium, Dr. 
Cutter added thd  mother factor to consider would be the amount each site is elevated above background 
fur its region 

Dr. I.'airbrother sitid that the experts w m e d  to be contradicting their conclusions from the previcm day, in 
which most of them had said tb& water concentmtions could not be used to predict fish ti~sue 
concentration% Dr.Adms said that part of the reason for that cnncl~mion was that, to date, efforts to build 
global models had not been very successful. Dr. Skorupa said that two different scales of i~nalysis were 
being discussed. During the water session, .the experts addressed the question of what cntlE~dencc the): 
would have in predicting fish-tissue selenium concentrations from water selenium concentrations. He said 
that that was a different question from the current issue, which was looking globally at relationships 
between water and fish and trying to identify sites that are over or under the regression line. Dr.Cutter 
agreed. Dr.skims said that, even if tissue levels are considered to have the best predictive power of 
effects, they still must be related back to water concentrations, or the tissue-based approach leads only to 
site-specifrc assessments for every site. Dr. Fan added that picking apart tlte variables that make some sites 
deviate from the global relationship would lead to a better understanding of the relationship between tissue 
concentrations and water concentrations. 

Dr. Fairbrother commented that what the two approaches under discussion would mainty show is which 
sites need site-specific studies, Dr. Rledel asked &ether a "site-specigc study" means anything beyodd 
andyzing selenium in the discharge and the receiving body, Dr.Skonlpa replied dzat, in his opinion, site-
specific analysis usually boils down to developing rigorous effects diPta to assess whether effects are 
occurring at a particular site, 

Dr. Cutter presented the following remarks: 

The ChemicalFoms of Selenium in Natural Waters 

DISSOLVED 

Se(VI) Selenate (SeO,Z*) 
Se(1V) Selenite (WSeO, + s~o,") 
Se(0) Elemental aelenium (insotubfe, but may be colloidal and pass throu 
Se(-11) Selenide, primarily in the form of orgmic selmides such as seleno- mino  acids (e.g., 

seleuto-methionine,CN,Se(CH,),CII(NK,)COZEI) in dissolved peptides, and dimethyl 
selenide ((CW,),Se)) 

Se (IV+VI) Adsorbed to mineral or biogenic phases 
SefVI) Selensrte esters in membranes 

Elemental Se precipitated 'Sfam water column or produced in sediments s e w  
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Se(Oi-ZI) Me&d selenides (pyrite-like compounds) 
S e ( 4 )  Organic selenides (primarily spleno- amino acids in proteins) 

1 Accuracy. For obvious reasons, systematic emrs  must be eliminated. Standard additions methad of 
eaiibration should be used and appropriate (i e., same matrix type) standard reference materids shoufd 
be arratyzed (dthough only limited speciation data for these are available). 

2. Precision. The malytilical precision mmt be much tess than the environmental variability in order to 
discern it. 

3. Ifiw detection limits. Natural concenwations of dissolved selenium can be as iow as 2 ng SeiL, 
necessitating low detection limits. Irr this respect, for determining loadings. etc. a lack of data @e., 
below detection limits) should be avoided. Moreover, low detection limits allow potential interferences 
to be minimized via dilution. As a general rule, the detection limits should be approximately 10x tower 
than the e,xpected concentrations. 

4. Ability to determine dissolved a& particulrde speciation, The speciation of selenium in both the 
dissoived and particulate phases hm hen shown to aflFect its bioavaitability and/or toxicity. 

Analytical Technip@sforSe1miurn Ddminrrtiom in Natural Vaten 

SEIG - selective hydridc generation 
AAS atomic absorption spectrometry 
ICP = inductiwly coupled pla.ma 

What can we do now? 

Dissolved: IV, JV + VI, totaf, selected or operationally defiied organics 
VI - {IY d- VI) - I V  
organic Se (-11) = Total - (IV -t- VI) 

Particulate: IV, XW -k VI, total, Se(D), pyrite-Se 
organic Se (-11) -Total - (IV -+ Vl) - Se(0) - pyrite-St: 

Organic Se: The big problem. HPLC, etc require knowledge about specific cnmpotmch. Can get at 
specific compounds or compound classes. For example: Coppchelex gets prinlnry amine Se; 
cation resin ge:ets the selenonium catictiotz. 

Dr. Fan pointed out that the cost of disposal has to be faetored into the cost of analysis using selective 
hydridr: generation, because a very acidic was% is generated for which disposal can be expensive. She 
added that her laboratory has had problem with their nebufizer becoming clogged Dr Cutter replied that 
a nebulizer is not necessary fos his M-hydride method. 

Dr. Fan nded that selmonium can be analyzed for by spiking whole water with base md analyzing the 
resulting head space, She asked Dr.Cutter if he had tried using the copper ehelex method to a n d y e  for 
seleno-methionhe in sediments, and he replied that he had not. Dr. Riedel said that his group, after dosing 
algae with selmium-75, had detected small amounts of free seleno-methimine in water (in the pwts per 
trillion range) using copper ccbelex. Dr. Skompa aked Dr. Cutter to comment on neifkron a&ivlltioml. Dr. 
Cutter repIied that this method does nat do speciation and that special attention milst be paid to  sample 
preparation. 

Dr. Gutter presented further remasks: 

Sample 
--> 0.4 urn ftlter (immediate) 

--> "dissofved (pH K2 with HCT, borosilicate glass) 
-->suspended particles (freeze; dry at low temp) 

Why? Disoived and particulate represent diEetent " p f i ; "  available to different pasts of food web. 

Box core (or equivalent) 
--> "squeeze" and filter 

--;.dissolved 
-aparticdate (dry aZ low temp) 

Why? Dissolved and partialate availability; fluxes; seleotium changes with depth: presme flocculent 
matter l surface. 

References for sediment sampfing: Render et al., 1987, Blomqvist, 1985; Blo~nqvist,i991; dahnke, 
1988; Zhang et al., 1998. 
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For detemination of selenitm in sediments, Dr. Fan brought up benchtop x-ray fluorescence spectrometry. 
She said that it has the advantage of not requiring digestion, which minimizes sample hadling md thus the 
potential for technician error. Dr. Cutter replied that the detection limits for this method are very high. Dr. 
Fan agreed, saying they are currently around 2 ppm, but she said the method could be useful for more 
h&Iy contaminated sediments. She added that this technique determines other mdals at the s m e  time, 
which c m  be useful for looktng at interactions. Dr. h t t m  replied that it is an expensive instmmernt. Dr. 
Fan responded that it is not more expensive than odter instruments he had referred to and that it results h 
large saving% in tabor costs. 

Dr. tZdams commented that Dr. Cutter's chart of anatytrticnl methods was a summary of the state ofthe art, 
rather than the methods commonly used. He said he thought a detection limit of 2 pptr was a stretch for 
some of die methods and was certainly a &etch for contract laboratories. Most contract laboratories, he 
added, are struggling to do a good quantitative analysis at the 2 ppb level. Dr. Rie&l replied that EPA is 
cwrrntly publishing and vafidating a method for arsenic and that the selenium method will come in time. 
B.Cutter replied that, in his opinion, it is crucial that detection limits be ten times below the 
concentrations bang analyzed. He added, however, that he understands the situation faced by a contract or 
utility lab analyzing lage  qumtities of sllmples in short time periods. He said that, with EPRI funding, he 
had developed a methods "cookbook"' currently used by many utility labs. He said that the approach he 
recommends for these labs is to analyze for total selenium, making sure that their method is accurate and 
precise, and to speciate a subset of samples. 

SuMiciency vs. Toxicity: 

Dr. Fairbrother introduced this topic by saying that selenium is a required mimonutrient; the question, then, 
is whether the range between suficiency m d  toxicity levels is large enough that we need not worry about 
suffxienccy. Ih .  Riedel responded that there are regions, such a.;places on the Canadian Shiefd, in which 
selenium concentrations ate so low (in the low ppdr in the water column) that algae respond to selenium 
administration, Dr. Fan added that she found t-hat she needed to add selenium to an &ail culttmre in her 
laboratory that she had isolated from an evaporation pould. Algal growth had been diminished, but was 
ameliorated when she added 10 ppb of selenium to the culture. Dr. Fairbrother pointed out that these algae 
were adapted to a high-selenium environment. She reiterated the question of how wide the zone between 
sttfFicimcy and toxicity is, and Dr. Riedel replied that for plants and algae it is quite wide. 

For fish, Dr.Hamilton cited a study in which a selenite-spiked did was fed to rainbow trout (Hilton et al., 
1980). The researchers determined that between 0.15 and 0.38 w i g  dry weight selenium in the diet was 
the mificiency level: they estimated that Ure toxicity level was a b u t  3 &g. Df.Hamilton pointed out that 
this was only a ten-fold difference, which is fairly narrow, Mr. Van Denwer said that spiking with selenite 
did not redistically mirror rtn environmental exposure, 

Dr. Cutter said that, in his opinion, one woufd oat have to worry about making a system too clean. He 
pointad out that low-selenium environments would have ztn assemblage of species that were adapted to the 
lack of selenium. Dr. ~ k 0 m p 8agreed; he said that, in 10 yeass of research he ha? never found selenium 
icvels in a waterbird egg in the wild that were below the level of seleniunr sufficiency determined for 
chickens. 

Dr. Adanls said that published papers have established a selenium requirement for dzphnids in the range of 
0.5 to 1 @L added b the algal culture that is fed to the daphnids. He also commented that European 

researehers have started to develop ~ ~ c i e n c y - t o x i c i t y  curves for metals and said tbat this is interesting 
because it allows, one to look & the gradations of &kc$. He added that, in the Netherlands, water criteria 
for metals are adjusted for natural background concentrations. Dr Fairbrother then turned the discussion 
to the topic ofnaturai background, 

Natural Barkground: 

Dr. Fairbrother asked Dr. Cutter to elaborate on his assertion that 0.1 ppb is the natural background for 
selenium in U.S. freshwaters. We replied tl~at &the data he based this on were presented in a chapter he 
wrote on selenium in freshwater systems, which hc had provided to the group (Gutter, 1389). He said that 
he only included data he ~wnsidered to have been produced using sound analytical methods: he 
acknowledged that the westem United States was not adequately represented. He afso cited another 
reference he provided (Cutter and San Diego-McClone, I93Q detailing variability in selenium 
concentrations over 2 yeam in the Sacramento and San Joaquim rivers. Ha added, however, that 
concentrations in the San Joaquim are affected by agriculturat input, and that headwater data would be 
necessary to estimrrte natural background. Dr. Riedei said that using headwater data ignores the natural 
selenium inputs that occur as o m  moves downstream Dr. Fan said that researchers had addressed this 
issue in the Sm Joaquim by looking at tracers; they detmined that approximate f y 90% of the selenium 
inputs were agricultural. Dr.Fairbrother asked if this method cauld be used to determine natural 
background in systems with anthropogenic inputs. I)r.Fan replied that some researchers arc trying to do 
this, but it is not yet a proven methad. Dr.Adasns questioned how o w  defines a nunlber for "background," 
since there is a range of values; he cited some examples of water bodies with natural selenium levels much 
higher than 0.1 ppb. 

Dr.Ctrtter turned the discussion to the natural b ~ c k p u n d  selenium Ievd for f1.S. Freshwater sediments. 
which he said is about 1 ppm. Dr Aclams agreed. Dr.Cutter said here is not much regionat variation. Dr. 
S k m p a  said that the USOS study s f  stlrficial soils in the tit~itedStates found little regional ttariation in 
selenium soil levels. Dr.Fairbrother questioned bow numbers were averaged in this study, agreeing with 
Dr.Adm~s's comment &at one must look at the dtstribution as well as the medi'm. She suminmized the 
discussion by saying that there is still debate about natural background and that more work must done to 
allow good detominations to be made of whether sites' selenium concentrations are at natural background 
or elevated. 

Interactiort9 with Other Stwrssors: 

Dr. Fairbrothcr raised the issue of the interaction s f  selenium with 0 t h ~stressom, asking the experts 
whether they bad codidetloe that &Ye& s e n  in the empirical data set are due just to selmium, Dr. Cutter 
said th& he did not have confidence that this was the case, because when there is an excess of selenium, 
there is ofietl iut excess of something else. Dr.Hamilton said thrtt the literdture is fairly limited on many 
other elements. IIe cited mexample fram his research; in a study he did on the Green River, vmadiun~ was 
somewhat elevated and may have been a confounding factor, but he could only find one t-eievant study 
about vanadium Dt, Fairbrother md otber experts pointed out the additional problem of extrapdating 
from the Isboratgi to the field. Dr.Fan said that, a.broad element scans are heconling easier to do, she is 
hopefill that more field &ta will soon be avaiiable. Dr.Skorupzl said that he feels there are sufficient data 
establishing that effects attributed to selenium are actually caused by selenium done. His goup  has done 
studies in resewairs thd  have a suite of poxrltutants excluding selenium, and they have not seen the effects 
typjcaliy msociated with selenium 
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GlarifEclrtiun Requested by EPA: 

At this pointll, Mr. Sappington asked the experb to clarify a couple of issues. First, he pointed out that, 
during the cross-cutting session, experts h d  discused possible global approaches in relating tissue 
concentrations to water concentrations; however, during the water-cdumn issues session the day before, 
eqerts had exprdcsed skepticism about performing water-to-tisstie wrrelatitions. He raked them to chrify 
this, md also to state some of the factors that they think might m&e the correlation poor. He asked 
whether the experts considered loading from sediments and spatio-temporal variability in the wa& column 
to he inprtant factors. 

Dr. Fat1 replied that the problem might be more complex than that and cited an example of an irri&;rtf.ion 
pond in California in which large changes in setmiurn load in bird e observed with only a minor 
dil~fiion of waterborne selenium conce~~tratims, for unknown reasons. Dr. Fairbrotherasked the experh to 
also clarify whether the form of selenium that is discharged to receiving waters changes the temporal or 
mrttjnitudinal dynamics of what happens in the food chain, Dr. Cutter replied that it does,for example, the 
uptC&e rate of setenate is stow compared to selenite. Dr. Fairbrother said that part of the problem in trying 
to establish reiationrrhips is that the system undw study are generally non-equilibrium, dynamic systems. 

Dr.Adms responded to Mr. Sappington's original question by agreeing that both mass in the sediments 
and spatmtcmporal variability in the water cofum are important. He added that fish behavior is also 
itnportant. inchtditag what fish feed on and where they forage, 

Mr. Sappingtoa asked whether the experts would expect tissue residue effect levels to differ between the 
laboratory and the field, or whether laboratory data are in fact useful for generating ei'fect-level 
inforn~ation.Dr. Hamilton replied that when he did laboratory studies, with both water-only md dietary 
exposure to selenium. he found the residue effect tevei to be very similar bemeen the two; in other words, 
how the selenium g& into the tissue did not affect tfie effect level, Dr. Riedel agreed that &this is probably 
generally true, but that there are exceptions. He pointed out that %ere are many unknowns in the field, 
while organisms in the laboratory ate kept under optimal conditions, Dr.RamiIton agreed. 

Conckusions: The LUowing suglmary d tho entire discu&m session was written by the discussion 
leader and reviewed by the other experts+ 

?here is a liurge amount of variability in selenium concentrations within compart.mants of an ecosystem 
(e.g., water, sediment, biota) across both time and space. The relationships between the compartments are 
not linear. however. Water concentrations may chmge rapidly (within days) whera~,  sediment 
concentrations take months or yem to change, particularly in lentic systems. Fish tissue residues integrate 
all conxpa~mentm~d theoretically may chmge in response to alterations in any ofthem although food- 
chain exposure%: tend to dominate, 'Therefme, fish tissue residues also chmge over a period of marth,  d 
do not reflect the faster fluctuations of water. 

The major faclors influencing sp&io-temporal variability we water residence time mrrd biological processing 
tie., the type of organisms in the faod web). The rate-limiting step may be the rate of conversion of 

itloganic form to organic F m ,  which is a function of the form of seleni~m and species ofmicroargmism 
in the sediment. 

Ecosystems cm be divided Into lentic or M e  systems. Further ~uMivisiom include ephemeral or perennial, 
h i a y  saline, and no&m (cold) &earns. Differences in these systems that may lead to dii'erent responses 
to sknilar 8eienium input include retention time of calhsn, rate of sediment accumulation, rates of 
conversion of inorganic to organic forme ofselenium, wid tolerance of local species, In addition, rabs of 
alfochthonous inputs (i.e., input of sefenium materials &om outside tlre aquatic system) versus 
autochthonous inputs ( k ,  from within the system) differ. Most lotic s-wtems are hiofogica8ly open systems 
which makes it more difficult to measure ecologicaily-relevar~t effects on fish species that may move 
through the system, rather than being resident. 

Three approaches to site-specific assessments were proposed: 

Apparcnt effeds threshold: This method would use existing Geld data to categorize systems as affected 
or not fleeted relative to selenium concervtrations in sediment or water. The sedimenthater 
concetrtr8tion a b m  wllich effects always occurred would be identified, as wouid the concentmtion 
below which eff- never occurred. The concentrations in-between (where effects sometrmes occurred 
or somctimea did not) wodd identify sites where a site-specik assessment would be needed. 

Fish tissue concentrations ati a function of water concentartio~q: The empirim$ data from field studies 
that exist in the literatwe would be used to develop this bioaccumtifaticm correlation on a global basts 
Sites when: measured fish tissue concentrations were different f m  the predicted concentrations, bmed 
on the amount of selenium in the water, wouid require a site-specific approach. If fish tissue - effects 
relationships are known for the species of concern, then sites could be further chw~tderizedas those 
with potentially higher dfnm predicted effect.^ or those with potentially lower effects. 

Modeling approach: The Aqugtic Toxicity hiodd pmsented by George Bowie could bc used to make a 
pdad predictions of whether a conentration of relwim in water would result in efiFects to the fish. 
Site-syxcific input parameters include selenium input (amom& rate, md species), flow rates, water 
depth, avnd a few other hydsological p m e t m  as wet1 as faod web species. I'he more site-specific 
data that are wed in the model, the mare tikety is it to accurately predict eEects. 

?'here arc; several methods for malying selenium in water, sediment, or tissue No one method is the best 
for all media important ccmsidemtions m desired minimum detection limits (ideally, should be ten-fold 
lower than the con~entsatiorrs of interest), smplr: prepmtion requirements, and faborntory capabilities, 
Cost rnay he a factor as well. W i f e  methods are avaitable that can achieve very low detection limit%, mmy 
(iTnot most) contract laboratories are not set up to canduet these methods with appropriate accuraq or 
precision. 

'In addition to mdyticaf methodology, appropriate sample cotledion md storage are required. Water 
samples should be widifled (with HCI) and kept cool; solid matrims should be kepi frozen. Selenium may 
volatilize when a sample 18 heated and provide. m incorrectly low value. Box core samplers a= prefmd 
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for sedimerrt sampling as they preserve the depth structure of the sedimerrt, ailowing rnemurements to be 
m4de on the upper flocculent (organic) materid versw the lower inorgazlfc portions. 

Since selenium is a required micronutrient for both ptants and ani rnd~~ here is m expwure concentration 
below which insu%ciency effects are aeerl and a different cormcen'b-ation above which toxicity occurs, The 
area in-between is the Optimal EReets Concentration. For algae, there is a wide sufficiency zone d the 
required amount may difEer depending on the mount of selenium in tthe system from which the test colony 
was derived (due to adaptation to a higher selenium environment). Fish Izave at least a ten-fold difference 
between required and toxic amounts. In general, there does not appear to be any naturafIy de6cient 
systems, with the exception of some takes in the burentian Shield area in Canada that may be deficient for 
algae. Furthennore, on a practical basis, it does not appear thd source redtrction of site remsdiation would 
resuit in systems with insufGeient selenium concentrations. However, this issue may be important in 
laboratory studies where appropriate minimum concentraticms of selenium mmt be provided lo maintain 
colonies of test species. 

On the national level, the median background concentration of selenium in aquatic systems is about 0.1 
p@L. However, there is disagreement about this value and about the variabiiity and range of natural 
background concenZrations. Areas of highly seleniferous soils in the western V.S. may have naturally 
higher bxkp t lnd  concentrations either through movement of soils into wPlterbodies or into groundwater. 
Methods are being developed for differentiating between natural and anrbropogenic inputs of seienium into 
an aquatic system, but there remains a great ded of uncertainty in the fofkw-on calculation of what a 
resulting natural background concentration would be. 

Seleniunl has the potential to interact with other metals, causing either greater or lesser responses than 
predicted from selenium alone. Pulrthmore, exposure to selenium may reduce an organisms' ability to 
respond to other environmental stresses, such as has been shown for Ash similzw to those found in Belews 
Lake that were exyosed to cold temperatures during laboratory studies (Lemly, 1993c, 1996). These types 
of interactions might confound the globat empirical dataset relating effects to selenium concentrations in 
water. sediment, or hod. Examples where this may have occurred include interactions between vanadium 
and selenium in a field study of fish reproduction. On the other hand, another study showed atRects 
were correlated only with the selenium concentration in the food, and that additional elements had no 
discernible effects, The endpoint of interest also may affect the potential for interadive effects to occur. 

N. OBSERVER COMMENTS 

At the end of each day afthe meeting, Dr. Fairkother opened the floor to comments from obset~ew. 
These comments are summatized below, In addition, okcerver prmentation materiais may be found in 
Appendix F. 

This observer (speaking on the first dday ofthe meeting) noted that discussiorrs to date had mostly focused 
on &artding-water sptems. In contrast, his interest is flowing cold-water streams, particul~rly in Alaska 
and southeast British Columbia, with inputs of selenium fmm hard-rock minix atld cod mining. He 
pointed out that these systems are quite diftiirent in many aspects from tlu: systems under discussion by the 
experts. To date, his group" studies haw found no adverse effects in streams in British Caiumbia with 
concentrattiom of selenim as high as 65 pg/L. He urged the exp- and EPA to consider three key points: 

Mowing-water systems are very different from standing-water systems; much higlrer corrcentrations 
can be toierated without adverse effects. 

Site-specific factor% are incredibty important. 

Not at$ waters or biota require the same level of protection. 

This observer questioned the need for a revision of the national freshwater chronic water qudi$y criterion 
for selenium. He argued that no compelling, field effects have been demonstrated in waters with selenium 
levels kfow the exisling 5 pgl, cl-unnic criterion. In addition, analytical methds for conrpliance testing 
me limited below 10 pg&. Finally, there i?; lwge mc&nty ifi making correlations at the nationat scale 
bittween water-column selenium concentrtltiom, selenium eoncentrations itl the food chain, and selenium 
concentrations in bird eggs+ He urged EPA to move towad developing site-specific residue- or effwts- 
based criteria. He also noted that the cost per p m d  to remove sefcniurn f m  discharge is quite high and 
that the removal process generates a large volume of sludge which must be disposed of. He sked  EPA to 
ensure that fixture regulations are developed upon fact-bmed science. 

This obsmer made comments on behaif of the Utility Water Act Oroup (I'CIWAG), an association of 
electric utility companies and &a& associations. UWAG is interested in EPA9 reevaluation ofthe 
ffeshwakr chronic aquatic life dtsrion for selenium because selmium is natural trace element in coal a~ld  
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many oFUWAO's m w e  coal as the primmy fuel for sleettical 
UWAG views a miversnl numeric chronic criterion for selenium as i n w m p r i a .  He urged EPA to 

In addition, he offered the opinion that fish liver is a p o d  tissue in which to memure residues if ovaries are 
unavniluhfe; in his wo&, be hs fomd that Ash liver tissue mirrom watw-cdum selenium concmmians. 

Speaking on behalf of Ccrminw Aka&& this observer said that saleumium is a key h u e  Ftl his c o q m y ' s  Red 
Dog Mtne in northern i2laska. An impending MPDES g m i t  will lower tho mine's sebnittm discharge limit 
to a level &at the company mwot met .  He: said that flowing gtreetms should be considered sq~e?pasately 
from shndingwater and urged EPA to move quickly in developing site-spwific gui 
EPA to provide prelimitliuy guidance oa possible chmges in samplingp r c a r e s  (e.g,, implmenmion of 
fish ovary sampling), so d~ataected  partie8 can start gathcsrhg relev& data as soon es posible. 

Chris S@mdh JD Coasuj& 

This obscsta.er expressed the opinion that tue haw a lang way to go in -rt.gd to quarrtifj.ing the behavior 
md ePects of selenium in the envirotunent. He added that although revising the c h i c  criterion is a good 
god, we do not yet have mough infomation to &le to develop a new nationwide criterion that is a 
&finite impravernetrt over fhe exhting one. The solution to this in the short temt, he said, is to develop 
site-specific standards, includingguidmce on sampfing wd d&a artafysis md intc;.rptet&ions. In addition9 
he asked EPA to establish s*andw& that can serve as guidance to contract laboratories. 
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Michael Carey, Ohio Coal Association 
cm' 

January 6, 2004 

Ikar Mr. Forren: 

The Ohtv Cwil As$wiiltittn joined with the Nuttonat Mining Assoc-mvn {NMA) and 
other surc: coal asstxiittiom from Kentucky. W s t  Virginia and Virginia in the cklivety d 
joint cornmenu orl the I>raR lvogmmallc Environmental Impact Statement (PETS) 
ddrmsing mounlaintt~p rnintny and valley fills {MTWVI:) tn the sleep slope 
Appalachian coal ficlds. Thc Ohio Coal Assmiation Fully supports those comments. 

The Ohio Coal hss(~:iation is a nmpmlit  trade ass<xiarjon that is dtxlicated u) 
repwscating Ohio's underground and surfixe coal mining productton. The Awxlatinm 
repmcnts close to ftMy cad  prtducing cornpanlea and over fifty Assocrate hlernben, 
which include suppliers and consuflatle m the mining industry. cod  .mta agents and 
brokers and allied industrjcs. As a united fronh the C)hio Coal Association ia committed 
to advancing the dcvcfopmcnt and urrli~aticm of Ohio coal as an abundant, econornlc anti 
cnvaonmen&liy sound m e q y  stwscc. 

A ctxnmon thread among thc state industry groups joining in the above noted comments 
1s the fact thaL all conduct coat mining tlpertikions wiMn the Huntington Dbttlct of Ihc 
Corps ill Imgrneet s. 

However, there art: f w  some major difference% k w m n  cod opmtions wirhin the 1 W S  
utudy area md coal operattons in the State oPOfhro. In add~tton to the joint comrnenls 
filed hy thc Nakional Minmg &x'N;tatton on hehalf of thc Ohto Coal hwtxhtion the 
Associrttm eishes Lo addrtss the Following specific coaccrns regnrdmg thc PEIS: 

Applicability of PElS tu nrining artlvitiw aot t n v @ v i ~  M T W F  outslde of the 
study ares 

Thc Study Area cst2thlisked i'or the M5IS was kdsed upon where PvRhdfVfz a~tivitks wen! 
located in the past and where MS1MIQF uctivities were urticipated in the f u t u ~ .  Ohio 
was nvt included rn thc Study Area, and impacts of Ohio coal mining .activities were not 
specifically qtudi~d EIS part of the P1BS. One exception however was a singb stlldy on 
the rccovery of reclaimed strams in ccntral Ohin, which was included as aupplemcnlal 

matmil. As noled, this study dtd no1 invnlvc vafley fiib. The research was conduclcd 
pa ago by the OMce of Surfare Mining and pmvidcd positive ~esults. 

Thcrt: w w  aan atkmpk in the document to outline iissumptions that would p ~ m d e  some 
corrcla.lron of MTMWF aclivides in the study area to other mining wtiv~ties HI o&cr 
areas, hut these erplanatiom fell dor t  of acceptable. No justification can he found for 
expanding finding! hcynnd the study area. crr for adequately trddfc%%ing impdets other 
&an thosc asscmatcd wtth moun@inttrp mining and aswxiated valley fills. The document 
,$hovld ba: modified to elanly that tmndings and recommended altematlws arc not Lo apply 
to mining actiuitics oumide of the study aim that do not involve vallcy fills. 

Authority far thre C o r p k w  idno net toss of strerrm Pandon" policy 
Then: rs no cuplanation and no justifiable aulhority found for the recent shift in Carp$' 
policy to rcq&re no net t w s  oC slmcm length and funccitrn, and yet tllc conents ot lhrs 
iWS xcm to trc b d &most entirely on &as policy. There IS even a stiltemenl in rhe 
dmument that eiains that the go& of the CWA cannot he accomplished unless amam 
faaction is addmiced (page f-4). The documeni should k expanded t clarify this 
statement. 

hveryonc is aware of the ng net loss of wetland policy char wllli nfriciatly expanded to 
include no net loss trfwetlixnd functions. However, rccmt ~ t ~ \ $ t i e s  wtthin the Corps 
havc now resukd in a no net loss rrf s t w m  function and &ere ts no ciear intiicaki<m as to 
how his  Wamc t~fflcial national poky. The Ohio Coal A~srxiation can find no nficiul 
document mandrrting the use of this policy. O n f y  that 11 is w w  ~ 0 k y .  

While w l a n d  funckions an: easily idenlifiahle imd un&rstood, i h i ~  c not tfK? c w  for 
streams. In addition, the u g  o f  biological protocols to seem &e imge of 6treltm 
funcbrrns u inapprc~ptiil&. especially in thc cast: of ephemerd streams and tbe tlppcr 
reaches of inamittent streams Tke US EPA went through an edwational process on 
wetland I'rsnctions and provided opportunities for public input prior to implementing thc 
policy change fi'om no r ~ t  10% of wertmds to nt) net lnss ol wetland functions. This was 
not the c&sc for &e s(1u'am poky now being imprwcd by the Corps. 

The use of a "headwaters" category artifkially increases the value of the majority of 
streams included in thrr category, namely 1". 2"' and T' order steams. or ephemeral 
streams md upper tracks of inkmitteat w e a s .  Through the u s  at' the headwakrs 
category an ephemeral stream wiil havc the same value &? pi.m~fii"I streams willvn the 
wnrershed because ail would bc considcrcd as headwater streams. This then exaggerates 
the midgation requircmc~ts tn be imposcd by Eha rcgulalory agency. The f%fS should 
~zt&n the descriptions of ephemeral, miennite% and pc~nnial  for stwarn cirtegoriralion. 
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Conrad,Intemtate M Compact Commission 

ctn a aiiwm hy siream b a ~ ~ s .An anexurnpie, impitcis to an in&vidudtillaphcmeral mcnm 
will appav 9ignificmtw l m  cunsidering cmty the irmpa~tsto thsl individttal stream. 
However, when y m  cnn%ider thc rrnpacts to that ephemeral mem relatiw ro the 
water&xl and drrwnhtream Functions, the tempomy ktxs of' that epherncral stream will he 
minimal nt murt. The Corps shnulcl make chc ncccswy  changes to eflcot &is mttn: 
reasonable approach. 

Michael T.W. C a ~ y  
Pt ~s i rkn t  

, ,  
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Comments Regarding:Thc Dmf'f Programmatic Envirunmcntal Impact 

Firlally, ahouid the federal %as-dschow to move fonvsrdwith the EIS (a coslrsc of 
action we do not suppart), we urge them to be uhdhl  of the Eact tbat in almost cvc~yinstiutce, 

the states hw the lead in implementing &a applicable rtrdpllatory prognm and thus sny 
recommendations for d o n  (in tbe way ofre&~ttioas,~ ~ a e sand/or poHdes) should -
seriously consider the potential impactson existing stare r8guIatm-y pip~;ramsaad the mamekKent Dt;.rKmhand f 
irnplmentationthereoFby the states, especialiy in the comext of permining and c n f o r m .  
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Randy Dettmws,Partners in Flight 
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lkar Mr. Fnrren: 

Please accept the fnltovving commem in m i e w  of the Draft MS on mountainccy, ctxrl mining 
and a.wwialed valley fills in West Virginia Kentucky. Tennessee, and Virginia. T h w  
crmwnts reflect dimuwion> m r m g  members d thc! Northeas Working Group of Partners in 
IQht GTP) rcg~rding khe likely ~rnpxts  of rtlctbntainw minist8 activities on the iull suite of 
prtrrrity hrds assw~atcd with matun! dccltluuus Famols, including populatrons of Cemleian 
Warblers. as well as a summary of la~dbtrd conservlrtim prinritres lor Ihe geographic a m  undcr 
ctnstderathtn for &c DEB. A bt.icfsummiuy statement is ptmented helow, with a mote deuliked 
discutlsion in the atmckd pages. These comment8 repasent a synthesis of infomation gained 
frtm published IiEnllure, bird em,servatjon pla~q hsveioped by PW, an exknatvc Centkiln 8- 1-2Warhler Atlas E'rject conducted from IYY?-2(M), and discu&&ns with enlleques. Figuses 
Prom the DraR IIIS rm cumulative impacts of this mirung ~ t i w t yin h study awa suegost a 
~nasstveand p a n o n t  impact within the El$ study act arr tho enlirc: wile of priority mature 
foxst birds &g., Ccrulean Wafhkr, I,twi&+na Wa&rthrugh, Wrbmr-eatiq Warbler, Kentucky 
Wwblcr. Woud Ihm?ih. Yeflow-thrwted Vireo, hcadian Flycatcher) due to the csffmawd Forest 
icss obfapp>xima&ly 7bO.CXK) acres from issued and fuuture permits durtng the 20-par period of 
1992 lo 20 12. TOM cumuladve Cons1 toss imm irll mining nctivities, mcfuding pernitEd 
activities priw to tQ 9 2 ,  b esdmitled at I 1.5% of the total S~rest cover in the I3S study m a .  We 
considw this bvel of hahiw I w  to constitutr:8 significant negative impacl for t%fe w U r e  niaturc 
Sorest suite of birds, and especially for the Cemlcan Warbler, the f m s t  
concern tn this area The ~vmulative impae&u Srom iswed wd proposed 
mindvdloy fill germits during this period appear likely toelintinat*: breeding Rabrtaf for 10%-
20% (our cstimm is 179) of Ifre glol,al ppai&ion of Cerulean Warhllets. Tllis level of hahitat 

far a species thilt h a  expden~vd sWp popullition declines over ail: k3130 991.110% is un;1~~1sp&hle **.2 
y w s  and is k i n g  other major IhRaa. 12uRhermrore,felrcmhwithin the f%S study 4 ~ 8  shows 
that denstties of Ccreican WntrbIrrrs &rereduced m tsolaled laws1patches lei%by minmq and ncer 
mine edge^, indtcatirrg an even greater impact heyond the direct hahitat bs from mining 
actctivitics. According to 1W brrd cc>nservati<>n plans, miaturc forest hid$ are a high conscfvatirrn 
priority withie the U S  study area, wherew grassland birds arc noL. In addiirsn. Lhe crciition d 
poctr quality, early-succe~ionak hilbttats &at may hr: su for wmc shrub nesltmg ,+peeks does 
not justify, or in any way campmatc, the removal and entMion a i  ex tcnsive malitre fwmt 
areas within Uw l :IS study area. We encouragc every ellfbn to minimix the removal and 
fiagmentat~jnof' existing mtrturc Smst habitat in the f3S study m a .  

Thc lnttil cumulsLivc fowst toss from mlning activities equates to an I 1 .S% rcdwtinn in total 
forest cover in the study m a  Wemovi~gI+ 10% of the forest cavcr Fmn a region is likely to 
haw nqative impact*rm m & m  ftxteqi birds, even in well-Imes~bd iasdwapes. As ovcmll k m s r  
cover drops In a region, ncgirrjw im@c&to Iorest breeding birds from f~qmcn&lion and e d p  
effem will become m m  severe, Work by O'Connell er al. (2(ttXI)a c m  the Mid-Allantic 
Highla& ~gizan, wkeh incluties a large put of tht: H S  study m a ,  suggests that as b d x a p c s  
faIl b&ow n thpeshutd of ahout 112%forest cover, the ec-udogicd integrity of the tbmt community 
kcomcs mmn&s$ngly compmmid. Removing &nost 12% d the for&%from the liiS study 
atea Ihmugh mining activities alone will brlng &e % So~q?~t~ovt?lGS tkhee th  area down cio3o 
to thih thrsshold and cer&iinty will c m  mme lan&w&p-levela m %within thts larger nrca to fd? 
well h i o w  &is thmhuld. Wo cmsider Be level OF breeding h 
pcrmrtted and proposed mining acBviiie~ lo qxwmt a significant neytive impact for the suite 
of mature &ciw~arsSawst hlr& in the EIS study ma,paticulariy for &oso spccres for which 
this area represents the enre of their h m d i n g  range. 

The general status and population &ends of Cewlcan W&rhler in 
ma% ~ I I %of I& range ilre Fairly well documented. These have &en pprowio)@dy summmred in 

(Hamel 2RK1). a$ wet1 final repn to USFWS oi the Cerulean the U6IWS Stalus A s . ~ n l  
WarMcr htlm Project ( k t s w l b g  el. at., ZIHXl). Mrc M i e v e  that popalaiie+ntrends reptwkxi hy 
the BBS am suf["rcionay relhbte Sot Cerulean Warbler at range-wide and ngional $c&!s. These 
&ends show a mu@ly 4..5%-pcr-yem. dedfne rang-wide s indYM, with s w p  declina in nearly 
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As part of the dcvetupmcnt of 8 1%' No& American Iandhlrd Const.rvation Plan, cstimaks of 
the ttrtal cctnlin~md breeding ppulattons of most species have ken dcvcloped lor the purpose 
or w i n g  comcrvation ubjcctives. Using this method of exIl-apulittin&RBS relativc ahndawes. 
the curre?% rolal po%pukationesliraate fusing riala from the decade of the 1YYfJc) for Centban 
Warhjers is a b m  I"rbO,(X)Obirds, nr mugbly 2WO.fWIi9 pairs. Rased on the BBS data, an eslimwd 
70%of the totat breeding ppulatinn crccurfi in the Ohio Nifls and Northern Cumherland R a m u  
physlrrgraphic arc&.. from southern lfhro and Iknflnsyivm~a. rhmugh West Virginla to Tennewx. 
Vast areas of witable hahiithirat in thts rcglon rupport large populations of Cerulcm Warblers, 
esp~ta l lyon privately owned lorouelaads, We should notc that although 280,I)M)pairs ,%em like 
a simble pupul~tion. it is among thc smalkscst populalians of any passerine bird in North 
Amcrica, which taiWy number in rhc miilions. 

We consider the major thwm to Cerulean WarhZee to fall within Four 
mam uategcrrics: (1) direct loss ol breeding hahitat from minmg itcbiviticf; (2) lasb of b~eetling 
and migration %lop-over hahivat due to devltfnpment. (3) Ioss of sui&Mchimding hahitdl tiom 
silvicirlfu~ml practtces: and (4) h&itirt less im wiateriag grout& in Soah Anierica. We consider 
the practice of mowtaintnp ren~ovill minin@valtey filling to he the greatest immediak threat 
within the cnrt of the Cerulean Wahlcr's Breeding rmge. 

Applying similar methods to t h w  u,%d in calculatirrg total prrpulatina siw, 1Ar the HIPNorth 
Amcricm 1andbird Ctm~rvatiotlPlan, BEIS survey ditta tndicate that the average h e d i n g  
cfensity ofCeru1ean Warblers acres.. the Norhrn Cumherland Plateau physioprryzhic area during 
the tW% was 0.%5 pilirdam. Most of the HIS study area occurs m [ b i ~  area.phys~ograph~c 
This cstimatc dtxs not iltclude a time-of-ctay cc~rrection w d  in c;&iculatiq the total pnpuliltiun 
4 i x ,  and therefore might hc lur undemstimall,., Huwvcr, this density is stmilar to bwding 
densities esdmaled from territory mapprng pluh surveyed in suuthern West Virginia although 
Iwatty higher dendrim were ahsewed in some Iocations Using &is RBS-dexived csllmitll: of 
breeding dcnslties and apptying it tu the esdmwd forest l a s ~of appn)ximatcly 76U.OCK) acrcs 
from mucd and femn mining permits hetweed I992 and W f 2, h&izat for approxlmatefy 49.400 
pairk (17% of the as&w&xl tocd C:eruIean Warlrler wpulatitm) would he eliminated through 
mining wtivitiec during this period. This is a very mugh estimate of akc numkor of birds likely 
to he ~mpactcldand is bastscd on the kssumption that thc entit-, area within pclmrt houn&rtes 
wwW br? dishirkd. Nnnctheles, we we confident In stxtinl;! &at beding  habitat for as much as 
10%*.206ol the known Cerutean Wa~Nrn popula~iion is likely to be directly climma~dby 
pvpvwrcd and permitted mountaintop mlslcshancy fills during the 20-ycat peaod 01 1992-2012. 
Thc,w nniimkrs 1~f1:~lcct direct loss of breeding hahitilt and do not wtlcct reductions in habitat 
suitability amund m k c  sires. Rescmh within tl~eU S  study area has >&awn &st &mities of 
Cemfeafl Warhlers are reduced ia forest patk:kCs femainMg from mining acdvities and in forest 
ncar mlne edgcs. We consider the level OF hmding hatrttat Loss dm to minmg a~'rivities in the 
BIS swdq are4 to mpresent a si@nifiadtnegative imp~tclfor this species ol high contirrental 
conwrn h a t  ir almady experiencing seep prtpulalion dcclides and is thmatened by other major 
impacts such as dcvclopmcnt and loss of wltr&ring ground baht&. 
Relattw Cn~reruueir;lnV u k ?nfffer lm'~dMtemxr tfndisn~uf9tdForest Hahitat. \xgc do not 
crmsdcr t l t n ~ ~ v i i lo f  extensive arcas of makun: torest and repfacement with the poor quWy. 
early-stiaessional habitats resulting from current rdamation pmrices to be an appropriate 
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Mark Donham. He 

- dirwt impcts to st- tmdd kw grtvtly lewxd by rcmftdng the 
dze 
of the v d q r  fills d w e  tntnlrg w t e ~we dtmpcl on tap of s t r m  

Dear US EPA, 

Tlrt?se i p t s  are n o t l d n g h  uf demttllSng to local n~~~ md tkecoiowof tk 
refan. We om* any dPkli9km to contime MTR. This is a &hikc, ~ t ~ j ~ i S t ,mid m t r ~ ~ t i v ~  

--
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- ITGtA11A-WESTERN MARYLAND 
Forwardedby David RldftrlRJIWSEPAIUSon 04/0812004Di:% PM 

Jenny Dorgan LUf HERAN CHURCH IN AMERCCA 
-Wm-W@aeconH To* R3 Moontalntop@PA AvlYIUQ, SuiW 166 WNncm, W w  Virginla 265544374 
ne w w  CC: 

Suwact: For the Peo& 
01/86/2004 10:27 
AM 

Mr. Jam Forren, 

I am writtng on M~lfof the Alabama Environrnerrtai Council, 8 ststwide 
nlm-profil OrganitBtioh drtdimt8rf to protecting envirunmtsnt, cEtlztsns Dazlr Mr. Irorra?n, 

m d  biodiversity. Thb purpose of this rnessllgei5 to state our 
opposftion to moun&intop removal and valley fnls end any change tn the 
rule protecting stream buffer tones. 

It 1s ex%rardinarilydisppointing that the federal govenrmtlnl is 
ignwing its own studies by proposing to reduc~pcotecUansfor people 
and the envimmmt 

We ask for a new study that look$at the erltwn&Bve$ to prevent new 
mountsintop removal and v&&y &l operratlons and to stop the existing 
ones within 5 years or by the axpirs8on of the current mining permit, 
whicheven date occots fir& 

As e governant oR@sl end part of the major gav&rnSngprocess of 
protwtmgthe envirmrnent etncl the citirws cs( this catmty. 1 h o p  
you will do ywr petriollc duty to stend up for what b right and good 
for the people 

Common stat- that where trees atre oa top t h e  will be less runoff and the chollcc 
for fewer tlctods. Seeds &om said trees would naturally flow downward and create new 1 17-3-2 

Jenny Dortjm 
Pfogwrn Coardlnator 
Aiabsms Enviranmenkal Council, Inc 
2717 7th Avenue South Sune 207 
Birmingham, AL 35233 
(205) 322-3128 

Our vislon as Lutheran h to be Christ-like ~ervmtsofhospitality sent to share 
God's gifr ofgrace in lesus Christ in rhe community of Appafachia. 

---* -*-
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RRSPONSE TO UNITED STATES 
EMViltC)Nm'Iy"fAL PROTEaION AGENCY'S 

COMMENTS ON 
"SUPPLEmWAL QUANTlTATIVE BENTHIC IMACROMRmBRATE STUDIE$ 

IiMPLEMLNTEDIN CONJWNCTICIN W m  TEE IISPPA 
MOUlVTAfNTOP M1(NTN@JVMdLEYFELL 

ENV~RONMENTA~MPACT STATEMEW s n m  ~ H I N  
THE MUD RIVER, OPRWCE FORK, AND ELAND CREEK WATEltBHPBS" 

Arch Coal, Inc. 
t 0Kenbn Dtive 

Charleston,West Virginia 253 11 

Project No. 01-0057-006 

t3W Wactarklc Avevenue, S, f .  - ( h a t ( c ~ s ,Wtrt 'YirgInla S3D4 * Phone: (W) 241-14W; Fu: (104) ULW31; uwx.parclta.rcar 

--". -
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GEWRAL COMMENTS: 

In general, we disagree with the way water quality issues are treated an aeerthouyht 
throughout the report The report repeatedly infers that temperature, ponds, and stream order ate 
the mmn contributing fwtors to the biologrcetl condition rather thw c&ge.es; m water chemistry. 
The report secon&rily referg to other factors srtch as Row, low dissolved oxygen, embeddedness, 
scouring from flooding,mnopy changes &om deaduous to evergreen, and the. m o m t  O f  canopy. 

The repan pmv~desno m~els t ion  analyses and. tn gome w e s ,  do or madequate dnta to support 
these statements, and in some cases, the authors rgnore ther own stat.lst~dlflpalyses where there 
are relevant data Our exploratory comla tm analy3les indicated conductivrty [-0.7.61 for @A 
field conductivity) and totd dimolved so1v.k (6.716) had the strongest and most silyl~ficsnt 
relationship to b iabg~ca lcond~tton. Both of thae parameters me drrctctiy relsted to mining 
impacts 

POTESTA: The report dwg not infer &ht tempcratura; ponds, t a d  stvefm order are the 
main conwbutlng factnw to the biotag-lcd condktlon, Bat docs cofielude that 
the effects of thwe f a c t m  cmaot, with the data avatlabk, bc separated from 
mining efpects or effwb of valky Bllar, and t h t  &El &fsrementlaned vsrkabges 
tire ptentfnl  contrlbutms to tke  current b s t r e s m  eendirleiis. POTESTA'S 
analysb of the data dOd not inclv8e correlstlen anafy&s bemum there a re  loo 
many factors net indstdfed in the EPA'rs d d y  to hdvle confi&nce In the 
results. For erraqk, Nhe conductivity and tobl &ssolvcd slot& would be 
higher in areas wlth more mini itetivity, These amas would atw have mtatore 
n u m e m s  ponds, but miry or  m y  met have mew nurnerour or tlarpler vllney 
fins, Under this wc?aarlo,It L not clear whcrther a correlatian exists between 
the bloiogical condition and the area mined, area of the settElng poads, or 
number and s ia  oT rhe valiey fills, 

No changes were made to the text a$ s result of thi$ comment. 

The only tampemture dab  offered in the report is the field d m  for the Winter end Spnng of 
2000. 'fie statistical andg.ses of these data indicated there was no slgn~fi~ant diffemce between 
the site classes T ~ I Jfindrng do& not support the Potmta conclusions Even if there were 
temperature differences Potmts offers no supporting information or data to confiein it. The 
emergencetime issue is not scientifically defertsible. 

POTESTA: Temgerrsture data avafl&le for thia study are Pram tws dates in the Spring 
and Winter ZOO0 and no s i @ b n t  differenem cxfJ betwrren the site dm@ 
on these days. Rowever, data from two drtes which w e  not represntatfve of 
the swsennl temperature variations dales net &quht&p describe what goes 
on in the system over the course of an aqwtlc breect's lifecycle. While no 
Lnfertation may be spedBc%lly avtliiable regarding the temperature 
conditions which occur below valley Blar, C e  tentgeritute dtEerencm bebw 
impoundmeats and the impacts to the benttrlc macroittveWmte community 
are well documented. Wwmcr &an normal winter tcrnperatgres eliminate 

revised to inctude a discussion of relevant Iftewture. 

if the ponds were the pnimry factor in determining the benthrc community downstream, then we 
would expect to see simiirrt bmiogicaf communities d o W t r m  of ail the ponds but instead the 
data indicate a range of condrtions below ponds. The cmditm of filled communities in our 

from poor to very good in both the Winter md Sprix of 2006 The correlution 
betwept TW,  DOC, and biological condition ww -0 388 nnd -0.183, r ~ p e c t i v e l ~Other 
parmeter$, inclrrdifig base c~tionssnd metals hd higher correlation coefficiiens lhan the curbon 
parmeters: e.g. Ca( -0.710),Mg( -0.6892, Se( -0.528). 

POTESTA: Parsgraph 4. mtrc paads r re  nat indicated to Be a "pllirnaey fnctnrw In 
determlnfng the bathic eamrmmity downstreaak, but om of several factem 
wMch may be inauoncing the community. This study did no1 pwpeZ"tto 
have sufFEcht infomatian to ddfsfern betweed fhe porentlaf Impacts. Thrrt 
ssld, the idea that the ntmnrulrttJss rt all ~am@lkng Iectltl~nsdowngrtre?am sf 
the pond &odd he dnrlkar tan not pl~ustbfa. T W e  ir no swikirttte Informatlcm 
an the $he or nurnbar of p n d r  upatrealJil of each site, Ul@&st~ncefram the 
satnpltng locatlen to the goad, whettler the poad is surface or  boteom release 
atrd many other vnrlsMes. Aka, wnsidem(lon mast he given to variabtes 
such sw water ekemktry far which then  % wtnc limited information 
rvrikbk. The range of c a n d l e a s  whlcb are Lurid to exist downstream a t  
the ponds undoul,tedly renecrs the raibge of caadl&ons upstream of rnd 
withtn the poadr 

This report has no biatogicltt or chemical ddata from sit@ above p o d s  and m our smdy we only 
had two sitm above ponds These sites r m p d  in condition Fr0.m fan to good during the W~nter 
and Spnng of 2000. lF we had more infomation about &a water above the pm&, we would bc 
bmer &le to under&& w k t  h i m p a c t  the ponds were having on the streams below the ponds 

POTESTA: h 5. We are fn agreement that more informNob b needed rbout 
eons up&ream of the ponds. Of the two sites apstreclm of ponds 

whhh wore itrcfuded In the &PA rtudg: one sits Is apparently bedrock 
substwtt and therefore not ecrmp~rrrbleC the grtivtd cobble substrate 
sampled in free ftowlng reackes. It la troe tknt If there was tamore informatien 
sbo~tthe wster a b e  the pen&, we would be b&lm able to umierwtand 

ving on the streams belaw the pands. Thia 
considered before the data were collected 

during the kite s c i d a n  phnse. 

Stream order is not an issue w i m  c e n g  unmirwd and filled sates In &s study srnce sites m 
b t h  classes wwe on s d i ,  low order streams. AII the unmined sites were on fmt and second 
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order stream mand dl but two of the fitled sites were on Erst aMf *wando d s  streguils has4 on 
1:24,OQO acale maps. in the mmniatntop rnmtng of West virgin$ there am no large 
~trems(thihird and fourth order) without wme type of mining in the watershed. The statisti~il 
malyses m the report ( Table 19) indrcat~!there is no gigmfrcani 
classes. Theve strem 8mordecs (1-3) are rslte'n mcfuded together in 
h m  the m e  reference crsndlt~on because in th@ tn* ranjp, strea 
of ruttural wr~dtlityin the nference sites arrd the data do not hdic 
stream order @g. the WVSCI, the mgiond EMAP MAWA and the 
order dewmu hwed on a 1: i 00,000 map). Based on your stattstical mlysee  the strerun 
order of the fill& residential sites are ficontly different Erom the arnmined sites. The larger 
stream size of the filled/ residmtrd sitm will mask any potential rmpamrment and not ~mpltfyit, 
'J'hese larger streams can appear to be less impaired bemuse they h v e  the potmtial to conbin 
mote taxa chaa smailes streams. 

POTESTA: Stream arder is atways an karsue when s&ec@ng r 
should Irrrve been conslderel prior t@study lnlda 
reft?rerces toaid have heen d e e r m i a d  llch stream class. The hewm 
orders From the anatin& nrd  filled do avertap so there is no 
s~tls&tfcal diflerenee; howmr,  the dfffereoces In the stream sizes should be 
consMered isa potential source af the variab&tg $er?n kt the Wed sites. The 
larger s t ream in the fllledfrestdential &hs rre skgn*aatly d l f f g ~ tthrrn the 
rekrence s t r e a m  and are not suit&& for cornpadsun to the hewiwater 
reaches. To sag &at meh a ~wqarfs -un  w i l  Urnask f~palmtent*b aat a 
char reprwentstfan of ike situstion. Any changes in community structure, 
sach ar, those described by the river cmtf*ruum concept, wltl shew up in data 
analysis as being r 'dtfferenP cbmmunfty; which, as has s h a d y  k e a  
establish&, Is &en tabded as Ulmpalrrdp. "Tme comparisons are 
ineppropdate and it suitable rr?&rence@te$ were not included in tire study it 
Indkrtes: 0 pnor sntdy design, rather than actuat impairment. 

Page 4 of 16 

Cover Letter Page 2 that the ovarail d~fference between the USEPA's two conttstctor 
laboMories ceiuse all ter chemistry datn to be called questionable Btmk md duplicate 
samplesprovided mfomatmn regardmg the a m m y  ilnd grscban of the data, In the blank and 
dtplicate data ftom the second i 
laboratory ISnot ~li&le.We do 'These Q A W  isfiuw do not 
c h p  the ovmll conctwion thst signifiwt differences exist between the filied md reference 
( m i n d )  sites and betwee0 the fifle#taidentia3 and reference sires." 

POTESTA: A:, hsg k n  explained to the US GPA persannd prevlousfy, the tnnguage in 
the cover letter to which they are objectlag wan w r i w  ss s caveet to readers 
wben the rwk& data set was discaveaed. At tbe Nme, Lt wace rtdt apparent 
whlcb &eta us& in the arlgfnal repert were ancceptebk and wMch were 

will be ma& mu&ant  I w  this comment. 

Pttge i-We agree wdh the laart sentence inAl Hendricks excerpt. 

POTEYTA: The last sentence of Al Hctildrteks review, wkth whkh the US EPA agrees, 
sammarf~eted the POTESTA f indhg~.  

Page 1 md it -Is it possible to see the full comments from the reviewers? 

POTESTA: Speclflr comments from thc rcrviewem were Incnrporated into the teat. 
Cemral commenb from the revlwem are px'ovideul. 

ph 4 -See general comments. 

POTESTA: While the reviewer may fiRd the laat senterrce nhjectlonsbie, no &er 
expkas&tion 19 offered for the discrepnaey between the uimpairmentn 
lndiicaberl by the wskr  rhennistry an$ the btbtbgtcraf d&i. The dnh ekarly 
indie&%&at If wawr rhcwlstry ebne  Is raaponalb;le Pbr the '"impairment)' In 

tltea the ltfl dtm shattld k mare sbnific=tly &I ~gmima~ity,  
degraded than the itned mldenttat slt@s, The ref= piles and other mining 
tntlzlercepl of&& a#pwtld~IIditfenxbfdalgrrdaatfon in the fllledlmsidenti~l 
sites would baw dmm up In the watw cbembtv.  The larger r o d s  and 
highways &ouM have shown up as slgnltlsant stwwor in the water 
ehcmlstry (TS5 @a$WS)  and in the embedrleci~ess and h&bt e ~ d t t i t t i ~ n ,  

, ,  
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The impact ikf the 
chemistry analysis in the form of nutrients. Thls t$ exactly why dtes with 
residenliat impacts should not be induded In the analysis of valkg Srtls and 
minlng without rapproprlnte reference sities. 

Pap I ,  paragraph 5 and continued page 2 

The dis~vssionof changes m Funct~onand the reltance functioxd feeding group indimtors is 
higbly suspect since ~t ts wdl known that it rs difficult h, correctly ass ip  fudctiolbal fmdmp, 
groups at the family levet (due to generic differences) and to early instam. Mare i q f l m $ l y ,  
these types of motrics are afmosi never chosen far mlnltirnctrie developmgnd for stream 
wwmmt they do not adequately d~scrimimtebtwetm reference and tmpaired sitcs For 
exampie, in the WVSCl npofg, the following infomation appears an page 16: O f e  Ftlterers, the 
trend was opposite of tftat expected, intmpreWion unclwr; % Scrapers, p r  discrimmtian; Rrb 
Coilecrors, trend cyrpoiilte from expected, interpretatron unclwj  % Prerlatnrs, p o t  
discrimination; UiB Shredders, skewed disbibutim, high vatatwe, and margtnhtl dttl~\rimmtton. 
These merrics are not wed because they cannot ZdentrFy tmpairmtmt 

PQTESTA: Bath Merrlt arnd Cummings C1996) md the US EPA'r Rapid Bioas~eo~ment 
Pratorrais for 'CJM in Wadetrbke Streams and Rfvera, @FA 841*B-H;002) 
pravMe hnctl@nal feeding grsltp informatson rtt the faraity level rnrf wMlt! t i  
ih: more vtrrtsble &atn gmerlc lwei Ififarmation, t?is rHl vnW. Most at the 
information aud fn btt repor? and the US LPA's r'eport r&&ve tr, the 
benthic macreinvesrtebrute cammunfty structure {k, n~mb3er of &P$, 
taleranee valuos, etc.) would bc more speeCSIe if Identeflm~~~shad h e n  
conducted te the w e t i c  level, However, the US EPA mde the k i s l o n  that 
b d l y  level data ww sufncient for the purpbse of a$study, ntld PWWSFA 
LY reportingthe data 1-a be comparahte with the US EPA !Wily. 

ff we did make a brg assumption and say they did work, then the fiwt and last sentence of this 
p a t a p q h  do not fit m with your own sWistics. The fimt sentence states rro significant dvetse 
mpacts and the last scratr:nce states: stream hnc&m dues not appear to be comprarmsedl In 
loolung at your own statistics, there art. stgnidcant differences befween the s W t m  cEmserr for 
both the spring Etnd winter sampling s e m m  'Fbrg would indicate that frutctional feeding groups 
are being rmpsirtxf or compromised iLt the Wed and fillediresidcntiaisites The fact t h ~they erre 
all rep-resmtd does not msm they rtre In g d  conditicm. 

Tfie changes W. water quality md biotogtcal communities betow the fills is related to the entire 
mining opeeation (the mined artla above the fill, the fill, the rmds associated wtth the minifig, 
md the- sediment ponds) But,ffie one fsct that cannot get fdst,that 1s drrectly ssaoci%ted wrth the 
fills, is dinxt stream loss under tho Ella: 
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POTESTA: This statement is from Str"mrn re e d  F'unctlbn rf Rurtnlny: 
W2&m (Allen ZW), a strmm The astitar is relying mr B 
basic knowledgt! of stream d reviewers were belPewd ta 
share. Nrrt only was 1999 a drought yew, bst &o one afthe Loatest years on 
record, Wn&r drwght contkltbnb, news are re$a&. The review@ h w  
stared &at Bow w s  aegii. Me, often mblsuddce and In some piaets anly 
pools remined kr ref%$ia fur' the; organisms. Wilkout measudrrp, tt 06 safe 
to assume that the more wa&r y a  haw, the lws Itktlg It io to rexpond to 
temperature tluctuations In rhe envlranment Subqwenlty, the w a h r  
available, the harder i t  is to mdntafn water temperature In the stream and 
rlre greater are temprtrmrture Buchratinns. I t  Is wel documented that 
dfasalved oxygen Is l a r r e d y  related to temperature. So, wiNr high 
&mperatureg (such as those reported durlng one of the hottest ywm on 
ramrd), diisofved ouygm sateratian would have been reduced. Sidee the 
most reawa&a oecurs in riMIes and under flowing conotINan!&, the iow %w 
eandi~ons  (as stated by the revlever) weaM not have been eon-dueive to 
rearstion. Aiso, orgnnic macerial in the $c?dlracp~@sad in pooh exerts m 

time, and not the condEfims to whkh the are elrpmd. An nnabgy 
wodd be to m p l e  the oqanltalIy rich a waste treatment plant 
on a warm summer afternoon d e n  the ersaturnted wkth o x ~ e n  
Ignoring the d iarnd  ff~ctrpatdtsm~ and ~Pglnttlme eog and stating ths t  130 is 
not a A rmer~cher has to interpret data usIqg dl Lhe infomation 
at the ai. A dt rcu~fonis fnctudert ht the but dwcrlblng the kmpscts 
of drought on streams and bfalogicaf communities. 

Page 13, paragraph 2 
The term "moderate richness and abundance" is used m this pmgmph What IS ~t moderate m 
reliitionsltip too? 

POTESTA: The terms *moderate r2c lnm and nbundance" and "low rdchnerra aad 
abundance* ark both uaed L thfs paragrqh. They are subJccNve te rm,  
which refer to low iev&ar and medium bevels of rlchnesr and abundance b 
on the other samptbng focetiona used La this study and the mset~mher's 

of the communities expect4 to be present under f d d  emditions 
in the streams. No change h@ been made to the text as a result of this 
eomtnent. 

Page 13, pntagraph 3 
"Chiranomsdac, another filter feedem. Is this the group you put them in or is this a mistake9 

Page 10of16 

The abundance at the unmined sites was not significantly Bit%emt from the trfled sttea hut the 
fill& residential sites were s~gnificantiydifferent from the umined sttm. EIl&e:r abundance is  
not an indicator af better 60r&~0!3?4, it is erally m indicakian of ~mpeiredcondltmn.The 
condition of rhe benthic community by stte alms indic~testhe unmined sites are in the bert 
condition, Followed by filled dtos and then the filledirestdenttal sites. The abwdance data would 
put them m the same order which clearly ~ndicatcsthat mare is  not mceusardy better. 

Page 14, pwagraph I 

Soma stoneflies art: tolemt to tbe const~&nts found In mine drainage and acid mrm impacted 
streams Mayflies on the other hand ~ t r enot. The slaternent that water quality m y  not be the 
lmittng tactor is setthcr e m n e w .  True, they we b& senstive orders but tirrsy can be sensitive 
to diflefent constttuents. 

w@rqunlity exiting the sediment 
expld n d  by water quality 

POTESTA: The parsgraph h the text bas been expanded to Indtsde a discuwisien af 
s e v e d  other faetars wbictl m y  be ronttibuting to the vaPl;abEltty seen Irr the 
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14, p n h g q h  3 

and de-tritall matmat Rowing from the p o d s  act8 as the faad mww -For the 
earnmitie." We are not pond experts but mutd %kinkthat ponds would br:dctrital 

smh not a baum. 
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Page 16, paragny~bI 
There an:no data to support *betemperature data, See pfevlouscomemrts 

POTESTA: See response ta general comments, 

Page 16, paragraph 2 
The increased alkalinity $3 ntvt "mt significant benefit to the streams."Thew seemams natufaIty 
low In alkalinity nnd conductivity and support dtvetss m r o  ~nvertebratescommunity. To 
suggest that the water quality is improved below the filled sites totally ignores the biologacnl 
data. Aym, &ere is no $at$ to suppart the statement " ~ l d t cprecipitation could crtug 
excursions of the pH below the ~cep&bte level " We observed no indtcstions of a probiern. 

Page 16 
There is no mention of the Selenium criteria violattons. Is it because the &ta WB not awil8laat 
that time? 

I)OTESTA: Selcnium erlterb vkotatDonls were noted in the unrnfned, &lid and 
tiil&/rmfdential slvcanrs in the water chenrb&y solmp3es maIyucd in this 
study. Afthaugh the water ehemt~trydata were revise4 b remove all 
samples not passing quality nssutanee tmtksg, the values fram the Winter 
m d  Sp&g 2009 data are sail hk@er {often an wder of magnitlule) than the 
second EPA cantractor Iabor~tsry. Given these diecrepancles, both datagets 
are sf ltttlr value for comp@irlson ta wnCr quality standards until one drttsset 

Page 14 of 16 

n to be accurate. AB succh, sekenium is used only for relative 
eomprfmm between the three tretltmenb. 

POTESTA: See rapmare bcomment on P q e  IS,Paragraph 1. 

POTESTA: See response to general comment$. 

POTESTA: As JndJcaCed pre%4ou&y, sbundacte@ ear dthes decrcsaae (4s in respunae to 
flodiftg or  d w q h t )  s r  fnsr&nse (as In reJpnse to an argrrnie food searcel in 
response C pertulPlratlau L n strent*. A ehan iin either dlrectfcfn LI an 
indtcstilott of s t m  The recfwcrd cobdlQen w%tl docuraeated kr the 

respect to the recovery g d ~ dof benthic 
kg even& (Lab, 3W), The increase In 

abunrlaaee Ln rssprmse to organkc input$ is r b  weft documelrted fAIden, 
2000). The sMf4 in comam&y stnretuse trom an lntaferant to s tolerant 
eammun&tytyeserit3&i# sbow fiat $merally aceampankd by an overd 
laerem In abundance (mther s rep15cemeet) urrtless an aWitiomrl faod 
supply is svaEFable, 

Page l9,pm~raptt3 a a d t q o f p g  I R  
The statement,"dccre9sedscraper community tn the sprin&when leaf cover sh i e s  the strew", 
cannot be dasumr?ntt?d.We did not do any cannpy mwurernextts and we do not see any data to 
dic i l t e  Patesta did either. We sampled In late April and early May before leafout was ccumplete 
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POTESTA: Sample were calt fed Jnru~ry21-31, 2oW @Rnlrtr) 
(Spftng). Although speetfic areasureaneats were not taken, common sense 
would dictate that the Qee ewer in headwster streams would differ 
sub$tantially between these two periods, That Iscklrg, the attached 
photograghs support Lacreeved shade durkrg the i%pdSQsampling event 
(Attachmnt 2). No changes have been made to tke text as a result of &is 
comment. 

Page 18, paragraph I 
There L no date or supporting litetatore to back up the tdea that there is a p16eate-rfood supply for 
coflectnrs in the streams below fills and ponds 

retention Hme, m b r  qmlkty, gwgmphlc laeathn, srrd mrny athem. A 
dirreussfon of the Ekanges ha the benthic macrolnvertebra%community bstow 
impoundmats has been lidded elsewhere in the text. 

Page 20 
Both the structure and function of streatnx below valiey Btls have been altered and as guch wouid 
mat meet the objectives of the C i a  Wa& Act. 

POTES'TA: Tbe changes in an nqustfe system downstream ef an lmpennBmei~t nre well 
documented (Agan, Ward md Stmferd, 1979, PenP, 1484, Allen, 2 
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Arch Coal,Inc (ARCH) axpired the sewices of Potesta & Associates, Inc. (POTESTA) to colkct 
supplemental benthic mmroinvertebmte samples in conjunction with the United Statex 
Eavironmental Protection Agmcy (USEPA) during the implem~ntahon of the Summer 1998, Fail 
1999,Winter 2000, w d  Spicitlg 2000 index period8 ofthe Mountstatep Rernav&Valley Fill Min~ng 
Envtmnmen:ntal lmpact Statement Study ( m F - E I S )  withm the Mud River, Spruce Fork, and 
1simd Creek watersheds. POTESTAcollected six supplemental quantitative Surber 
mnltoring station smnptedby &e USEPA (except W - 2 4  which was a wetlaad-type babltgtf d u n e  
each of the four rndex periods. 

Th~sreport ts a presentatran of the benthic rram~nvertebtate data at the familial level. Also 
incorporated are water chemistry and habitlit data collected at the sites by the USEPA. In sampling 
seasons, w h a  sufficient data were avaitabfe, stattstical c o r n ~ n s  were made between tbe 
unmined (reference), valiey filled and valley Ellediresideotial samphng sites. 

The myri ty  ofthe reference streams w&in the three watersheds were dry &ring the s u m e  and 
fall index pnods. SIX of the seven u&ed reference streams wthm the three watemhds were dry 
dunng the summer index pertad. All seven refemnce sb:eilms were dqt during the Fali 1999 mdex 
perind. fn contrast, all monitoring sktlons lisaaciated w~thvalley fills had flowing mter m the 
Summer1999 period, and at1 but one of the monltormg stations had flowing water in the Fall 1999 
index period ,411 22 monitortng statrans had flowmy wrrter during fhe Winter 2800 tdex period. 

Stgnifiwmt differences were Sean m both thebmthic comunrty and water chemistry between the 
unmmed stwarnsand the filledand frll&msided&l sstes, Dlffemees between the u m ~ e d s l r a  
and the filted streams may be retated to difl~ences m temperature regimes (md Ulereforeemetgetrce 
trrnes), the presence of ponds [&dltto~&i food saurce), end waterchemstry diffefencm between the 
ErWmertts, One inkresting finchng is that whifc the most significant biological impaimefit wcts 
indicated m the frlledtresldential sites, as cmprued to the unmind aites, the mast significant 
differences m wakr c h m ~ q  we= seen between the filled s ~ k s  and the unmined szres 2 his 
indtcates that the srpificant changes in the c o m u n ~ t i w  at the filidresident~ai sites(and possibly 
tire fitled ~ e s )re~ultgfrom same variable other than water chemistry parameters. 

Neither tbc changes in the biological community, nor ths changes in the water chemistry in the filled 
sties appear to have significant advene impwts on the stream functron wlth reepect to downstream 
segments. The most signlfi-t c h g e s  in s  m  biologicel community are the shifts In the 
functional feedmg groups toward more Glter fe ing organisms and the reductron of th@ mayfly 
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community in filled wd frl?&Iresididmt~;rlsttes, The c k a n p  m c o m m i t y  stmcture likely result 
Gom she piwcnce of ponds and changes in tempemme regmes. Thw typtcaI!y m u m  in stremtp 
whenever ponds, d m  or municipal dischntrgesare present The reducedmyf ly  papulartionr tn the 
filled and fi1ledJ~:sidctnta sites are not uncommon tn areas with mttlrng mffuGnce or below 
rmpoundmea&. Allhot& a redrrction In mayfly populations is  often attributed to the Qrr?setXX of 
metals, the wnkibution of sutfste ivrd other dissolved ions m y  also be important. increwed 
abundance at bre filled sites, ss compPtred to the unrninedsites, and the p e n c e  ofa similar shedder 
community Indicates *hat sufficienf food 1s availi&ls lo m p p f  a benthic community at these 
looations md thm dmdtream communittes 8te likely mewing partmiate organic materra1 from 
theve more upstreurn seggnmts. Filled aites and fllleb/residentiaI sites did not sfways have idcntml 
hcttonal feedkg group distribution. For exarnpte, a higher percentage ofcoltt?ctor-gathers were 
found below Filledlresidenthl skea, Tbe reduction of the myflies does not appeitr to afyect thc 
funcbon of the streams. Srtcs tnflueneedby miningwntinue to supportmabundsntpopulation with 
representatives of all the functional f d i n g  groups, mci stwarn h t i o r t  does not qpear 
com-pfmised at these ates. 

The changes m the benthic macroinve~ebre~ communities nnd wtw cfiem~stryat the +Wed and 
filledJmtdontial sites are consistent with mpsted  changes in any mining influencd st~reams, These 
potential changes we dated  to mining in lifenerd, not n t ~ w n l yto the pmtice of vdey  611 
cornsu~lction. Of the changes in both the water cchem~stry and bialog~cal communities wh~ch are 
described rn thrrr report, none canbe attributed to the fill ~pecificafly,and all potentislly resuit from 
coal mmmg, r o d  consmctlon or rerrldmtialdt7vdopment. Addltiomlly, the same changes m water 
ohemmy and b~ologicai commmtties result hrn large scale development pmjecu and ore 
extrgctron and processing o p n t i o m  fore and gold extmction, steel mtllu, smelkr~) 

Another mnsiderarian in thisstudy is the imbaJmm incomparinga mxad stte on a third, fourth or 
fifkh order stream w~than w i n e d  ate on a Erst or second ordet stteam. No unmined sites were 
selected on hrd, fourth or fi&horder streams. Akthauiqh not necessrsrily an objectiveof t h i  &dy, 
cbmges ia water chemistry and biologicel communith beween %t or second order streams end 
third or foutth order strams are expected (Vannote et ai 1980). The chatIgc6 asswirced with 
increasing stream order should be c o n s i d d  to the data inwpretation. 

Arch Coal, Inc (ARCH) acquired the servicas of Potata & Associates, inc. (POTESTA) to collect 
qusurtitative betrlhic macromvmebrate samples rnconjunction wrth the Umt& State8 Enviramental 
Protection Agency (USEPA) during the implementlztjon of the S w w  1999. Fall 1999. Winter 
2W0, and Spnng BOO index periods of the Moun&intop Remov%i!Vaiiey Fill Mining 
Environmentlll Impact Statemeat Study ( M m - E I S )  within the Mud River, Spwe Fork, and 
island Creek watersheds. 

The USEPA mwey es@ibl&ed ntonifotrng statram on the maimtern of the major receiving trtrews 
that bracketd the historical and c u m t  mining activities They proposed to assess the blologrcnl 
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condition of tkestrams wiih the use of the ~ e m i q ~ n t t ~ ~ r t i v t ?klcbnet samplingtechmque at %each of 
the monitorrng etatrons and the use of the quantllatiw 9whr (1 q m r e  foot are81mpli%& t a h i q u ~  
at beiected monltortng stattom. POTESTA recommended the calkction of six quantitative Surber 
samples at each monitoring swlott to rmprove the s t s t i s t ~ d  power ofthe andyses. 

The USEPA established23 monitoring stations within the Mud Rivctr, Spmw Fork, and kfandCreek 
watersheds (Table 1). Krcknet smples were colltxtd from ewh of the 23 monitoring stations 8nd 
Surber samples were cotlected fromselected sites for the EPA study POTESTA colkected srx 
suppiemental S h e r  samples from each site where &e USEPA col!-ixt& a h t h i c  mrsinve&brate 
sample. The supplemental s d e t  samples wew collected during the stme time frame astheUSEPA 
studies ERom were made to collect samples In the Summer 1999, Fail 19% Winter 2000 and 
Spring XWl snmphng seasans Due to the drought conditions of 1999, several of the study st~eams 
were dry and benthic maeroinv&ebrate samples were not collected in these streams in the summer 
and fall sampling periods Suppkmenbl surber samples were not collected fmMT-24k m s e  the 
srte was located within a drainage ditchiwetland &at was not conducive to quantitative Sur$er 
wnpftng. 

POTESTA mdependently malped the quantitative data usmg the EPA collected water chemistry 
and habitat evaluation d& from the sampling srtes. The data were mdiyzed statrrPtically cnmpanng 
the EPA tdentrfied categories or "treatment" groups of sites which w m  u m e d  or reference, sites 
which were influewed by valley fills, and sttes tnfluenced by both vafley Elks and ~ s t d e n t dareas. 
Orher groups, such as sites rnfluenced by minlng but not vatiey f%s, nutd sites irt sediment control 
smctures were not mcludd in this analysts due to low replicationWppmh~bitedrnls t la ldysls .  
Benthic macroinvertebrate datawere a m r i g d  and d using m*es indicative of bdogical 
condit~an Also, differences in the bentkc communitres were evabated usmg a cornpanson of 
Functional feedmg groups to assess the n&we of the community chmges indtcated by ihe tWrstlcal 
matys~s. Wbile changes m fu~:ticlnaI feedlog p u p 8  have not consistently proven to be 
drscriminahve tnetr?tncs useful for ~dent&ng changes in besthrc community structure, consideration 
ofths functional feedmg p u p s  dtstrrbuhon provides additional insight into &the natureofcornmunity 
responsm ((Poff and Matthcws, 1985)and 1% a useful tool ur evdulltiag the potentid causes of 
community level changes 

The USEPA establlxhed23 mofittonng stations within the three water&& as prt of the MTKllrF-
EIS study (Table 1). N m  monitoring stations were estitblished w i t h  the Mud River watenhed 
(Figure i ) ,  eight momtortng statians within the S p m  Fork watershed Figure2), and six manitonng 
stations within the Island Creek wtetshed Figure 3). Figures 1, 2, and 3 are copies of USEPA 
documents showmag their selected monitoring ststmtrs ate used with the pennis8ion of the agency. 
The monttoring stations were designatzd by the USEPA as either usm~ned (reference) stman 
segments, or stream segments with valley fill m i n q(filled).The fitfed c&e 
mto fiiled with no residential impacts and filled with resrdcntlal ~mpactr,(filled/r~iden@df. 
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In addition, the USEPA sampling profpam rmluded smphng lercatims selected to iml~cate 
cumuiative mining Impacts in the watershed end refetence locations wercl selected for each 
downsfreamsampling loeatran. It watr later &tmined by the USEPA that the impact$ of mining 
could not be sepmted from other mtdtiple toftuences in fhe wzttenheds (Mttmorandm: From 
Rebecca Hanmer, .!anuary 8,2001) Therefore, a discussionofcumulittive im-ts is not included m 
this report 

The WSEPA established time reference stream semeats, one mned s w segtntn6 md four filled 
strwm segments within theMud R m r  wattmhd The three reference strerun seepnents were located 
on Rushpatch Brnnch [MTDZ),Lulcey Pork (MT-03). and Spnag Bmeh ofBalfard Fwk (FAT- 13). 
The mined smm segment was locatedon h e  uppet Mud River (MT-011. Although MT-01 wm 
r;ampled,the data =re not tncluded herein bmctslre the sample sizes were tw, smell. The Four hlled 
~ t r msegments were lmatod on Ballard Fork (MT-14), Stanley Fork (MT-IS), S u p t r e e  Branch 
(MT-18), and the lourcr Mad River (MT-23). The iawer Mud River, MT-23, was a 5lledlrwidenttal 
stream segment The USEPA also est&ltshed a secmd mined stream segment withirl the sedimmt 
control dramageditch at the hdwaters  of StebnleyFork &fT-24), but POTESTAdid not sa&e this 
site. 

3,J.Z Spruee Fork Watershed 

The USEPA established two refereme stretun segment&, one mined swam segment and fjve filled 
stream semen& within the S p ~ w  Fork walemhd. The two "wference" stream segments were 
located on m i t e  Oak Rrmch (MT-39) w d  Oldhow Branch (h.IT-42). The mmed s t m  segment 
was twiited on Pigeonmat B m c h  (MT-45) Although M-45 was sampled, the data ts not 
presented in thts wport. The five filled stream segments were faat& on Rackhouse Greek 
(MT-2SB),Beech Greek (MT-32), hftFork of Beech Creek @&"-34B), SpruceFork (MT-40). and 
Spruce Fork MT-48). The two Spface Fo& @tramsegments, MT-40 olnd MIT-48, arc rtlso 
influenced by residemes w d  are therefate considered filledi'residenhal. 
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3.2 Sampling Seasons 

As par! of the MTWF-EIS gtudy, the USEPA sampled over Eve scmons (Spring 1999, Summer 
1999, Fall 1999, Wmter 2000 md Spring 2000). PgTESTA cattected quantiwtrvr; benthic 
mromvertebrate samptes over faur seaaom fSummer L999,Pail I 999, Winter 2000, md Spring 
2000) within the Mud Rrver, S p m e  Fork, and Islmd Creek wteteheds. The Summer 1999studres 
were implemented during late July 1499, the Fall 1999 studies were implemented clurtng late 
October 1999,the Winter 2000 mdtes were trnpfemmtddurmg late Jmuary2000,and tfie Spnng 
2001) studios were implemented m mid-May 2000. 

3.2.1 Summer 1999 

SampIrng dumy the mmrner setson was implement& within the three water&& from July 27 to 
Juiy 29. 1909. Drought condrttons existed duf this collect:ctlon penod. POTESTA cotiected 
benthic mroinvertttbmte samples &om four of the nine smpling stations within the Mud River 
waturshetl, seven of the eight monitoring stasions within the Spruce Fork watershed, dfauof the 
six mon~tofing statlam within the Isfand Crwk watershed. 

Within the Mud Rwer ~)ylemhed,the t h e  unmmed monitoring stations @AT-02, MT-03, and 
MT-13) &d not have sufficient flow to collect representative samples during fate July 1999, and 
benthe rntl~r~ulvertebrab samples were not coUecrtd from these momtoring stations. In addition, 
POTESTA did not collect benthic mwrojnwctebratw %om the drain ditch (MT-24). plnvrtttatwe 
bentb~c macmmvmtebrate samples w e  coHected &om three hlld monitoring station$ (MT-14, 
MT-15, an$MT-18) and the filiedftesidentd site, MT-23. 

Within the Spruce Fork wtxtershed, one (MT-39) of the two unmined strem segments was dry The 
9econd ummnd stream segment [MT-42) exhibit& law flow conditions. However,POTESTA was 
able to cohct  samples at t h ~ ssite Macroinvcrtebtate samples w m  atso collected from the fiiled 
stations MT-233, kIT-32, arid MT-343,as wcif as the Elledires~dentinlsites MT40 md MT-48 lrnd 
the mined site MT-45. 

Wtthtn tfic Island Creek watershed, benthic mcroinvertebrate samples were not collected fwm the 
unmined slres, MT-50 and MT-51, due to dry conditions. Benthic macroinvertebrate amples were 
collected from the filled stations MT-60, MT-S"I, and MI'-52 ssrd from the Elledlmidentlal snt* 
MT-55. 

Sampling during the f d  season was implementedwithin the threewatersheds from Octok  26 to 
October 28,1999. Alf of the d n e d  s & m s  were dry durjng the fall sampling $season. POTSTA 
w-as able to cofkct benthic meecramnvertebntte ssmplw &om five of thenine sampling ststiomwithin 
the Mud Rtver watmhed, five of the eight monitoring ststions wKhh the Spntce Fork watershed, 
md four of thesix monitoring stations w~thmthe Islend Creek watershed. 

Within the Mud River watemh&, the three nnminwi manitoring stations (MT-02,MT-03, md 
MT-13)did not have sufficient flow to collect reprwentative samplesduringlate October 1999,and 
benhc  trrmroinvertebmte smplea were not collected from these rrrm~&mng swions POTESTA 
did not collect quant~t&ivt samples from the dra ditch &fT-24). Benthic macroinvertebrate 
s~mples were mllested from the filled sites MT-14, MT-15,and MT-18 In additton, benthic 
mrtcroinvertebrate sempies were collected xiom the filiedlraidential site M1;-21. A samplewas dso 
collectedfrom the mined site MT-01. 

Within SpruceFork watmhed, both unmined moniwring stations {MT-39nnd m&)were dry 
in late October 1999, and benthic mwrornvertebretc seunples were not collected from these 
monitoring stat~ttions Benthic mil~~oinvmetrratesamples were collected from two ofthe three filled 
segments (hrTT3SB,MT-321,themind strecwl s (MT-.15), mdbnth Bllediresldentralsites 
@fT-40 and MT-48) The strean segment associated with MT-340tktksdry, and benthic 
maroinvertebrate samples were not collwted from this monitoring station. 

Within the Island Creek water&&, the "mference" strew (MT-50 and MT-5 1) were dry 
bmtnthtc mminver tebte  were mt collected from these 

monimring stations Additionally, the stream segmcnt w~oeintedwith MT-5 1was severelydiseurbcd 
by the insrallation of a natural gm Iiaa by the local gas company. Filled manitorkg stations MT-52, 
MT-6U,and MT-57B, and the FtlleBlmeidentEsl station MT-$5 stattons h d  Rowmg water conditiam, 
and benthic macroinvertebratetampies were collected from each of those srtes. 

Sampling &ring the Winter 2000 season ww impiamoated witkih the thrae uzatarshds from 
dmuary 2 1 to January 31,20CK). Ice bad to be removed horn severid Iocnttiotrs to collect benthic 
mercntmv~bmtt*samples. POlXH"l' collected benth~c mwra~nvMcbmte samples f m  eight of 
theninc sampting station3 w~ahtnttte Mud Rrver watershed, swea of the tr& monitoring ~ h b o n s  
within the Spruce Pork watershed, and all s ~ xmonitonng &ations wfbin theIslaod Greek watenhed, 

Wrthin theMud Rfver watershed, benthic marcrni;nvc~nebmte mmples were co'lieeted from the t h e  
unmined monitoring statms (MT-02, MT-03, and MT-131, the t h e  filled momtorrbg statrons 
(MT-14, EVIT-IS, MT-181,the fitledlmsidential station, MT-23, and the mined site MT-Ol 
POTESTA did not coUcct macrsinv;t?rte!vbmte m p l e ~  fkxnthe draina 
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strttran had flowing water conditions, md benthic macramvcmbmte samples were colleetd Pram 
each of these sites during the Winter 2000 mdex penotf. 

Samphng during the Spnng 2000 season was hpfemented within the three watersheds May 17 
and 18,2000 Wtthin the Mud ltlvet watembed, benthic macrainvertebcate samples were mllecfed 
from erght of the nine USEPA monitoring stati.ons. POTESTA did not collect rn~romvertevbrflte 
samptes &om the drainage ditch (MT.24) due to mappovtate subatrate for sttrber sarnplmg W i t h  
the Spruce Fork and Island Creek watersheds, bentlrtc m c m t n v e ~ e h t e  samples were col~ectd 
From nkl of the USEPA momtoring stations. 

The bentixc macminvertebrate population at each &ition was sampled using thequantiW~vrSub 
smpter with a 500prn nyIon mesh Tbe sampiing procedure followed s~~ slhmpiing ppotoals 
described in Standsrd Methods 105008{S&n&dMethPds, 1995) The S u h r  ~amplerwlls placed 
on the stream bottom, emuring &at the bottom francs edges of the ampler were flat w i n s t  the 
stream bottom so th& ail organisms wfhin the ampiing Frame would drift mto the net. Cobble and 
large gravel were brushedthorougld y mdremovd &om thsarnphng fame. The substratewas then 
dlstuibed to a depth ofapprclximatelyIhrw i n c h  with the h d l e  of thebrush Six Surbersmples 
were collected at each sarnplvlg station and retained ras indwiduetl replicate samples 

The samples were removed from the Surber sampler net and transferred to one-liter plastic jars with 
the use of e 500grn sieve Each sample m s  ass ed a unique sample idcxrtificathw code bmed on 
the smplmg site, diite, and replieatenumber. A sampling lab1with the unique tdent-ifcaion code 
was filled out with pencil and~nsertedinto the jar. The unique dentification code also was written 
on the Ird ofthe plastic jat with a black permanent ~aricet .The unique sample tdentifrmtion code 
also w~ noted tn the field notebook for that specific =piing site Thc samples were preserved in 
the field with 70 ta 75 petcent ethyl-alcohol. The samples w m  tmsportd to the afirev of 
POTESTA m Charleston, West Virgmia, by car, by the POTESTA biologists who coltected the 
samples. 

Upon m t v d  at the office!!of POTESTA, the smpios were stored in the toeked sample sforage room 
mid they were processed and identified. Sarn@r?gwert wmd and identi6ed by Dr. "I"homas Jones" 
laboratory at Aiderson-Broddus College locatd in Philippi, West Virginla. Some benth~c 
macromveftebtate:samples were sorted by staffand ldantifid to faunilia1 level by seniorsctenti~& tsat 

POTESTA and an outside consultant at Prrnnsylvania State Wnivemity {resumes for the 
suhconh.actors have prw~nudy bcen provrded to the USEPA). All of the samples were identified to 
the familial taxonomic tevel. Taxonom~e keys used for t h ~ sproject inch&& Merritt and Cummins 

3.5 Data Management 

33.1 Data Entry 

The data from ewh sample iog sheet were entered into a hrficmsdt ACmSS rlstabifse. The 
database, wbrch was hveloptxl by the West Virgins Divisim af Env~romentslProtectioo w d  the 
USEPA, calculated a sen& ofbro-biepsment metria. The database was modifid by POTESTA to 
calculateall Ehr: metries included ~n&I$ sis. Datautilized in the analysis twiuded only aquatic 
life stilges of  aquatic and semi-aquatic orgdsm.9. TemsUiai oqpnlsms rurd dults which were not 
aquatic were exciu&d. These argmisms are not contribut~nssolely to the aquatic ecosystem at the 
time of smpiingt and their excluskm for data analpis ts 9t.andatd p r w h r e ,  S~mildgi,pupae were 
exduded frpq the data set. The metries for eaeh sample were exported to a klic~y)poIkEXCEL 
sgredsheet. S u m f x ~ ~statisticsguch as mmn, stantfwd deviat~on,miamurn vdue, eutd maxsmum 
vatue for each of the stream segments wetc allculared using Murnber Gruncher Statistical System 
CMCSS) 2000 software 

The S u m e r  and f'an 1999 btaiaets were not complete due to the dry conrlitinns. These damets 
were not ~ubjededto statiaical analysis. Data from the Winter and Spring 2000 samplrng events 

testing. These dais are also 
dispkays allow for visuJ&ation 

of differences between wupsmdtriolationlr of assumptiom, To campw differenttypesof  aream 
segments (uminc-d, filled md fiIl&lmidenttf) etnalygis ofvariance (ANOYA) methds were used. 
The calculations were perfamed usifis the general linear modek (OLM) p w a d m  on NCSS. Prior 
to the mlprs, thed&i ware Paak@ansfom&to reduce fhe e f k t s  of wokations of & e ~ u m p d o n s .  
Following the overall t ~ tof mem differences,fhe mfet'ence (unrnined) mcm was cortlpatttd to the 
filled and filledire%lbenttd m m  wrng rnultipk comparisonsbased orr Bonferromt adjusted ttests. 
For all ofthe analyses, a Type I c l r ~pate of 0.05 was used 
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The metrim included herein were based on the family-level c&.sificrttian and have been saiectd by 
POTESTA asthe most appropriate and compmhmwe for use In conducting assessmen&ofbenthic 

compnnent of the community structure and has, a drffepcdt 
pollutrorddlsturbance stress rn the aquatic ecosystem. A deacrlptlon o f m h  mmemc along with the 
expert& change tn response to stress is tncluded in Table 3. The 1 f metric$ %.ere 

Totat Number of indrvlduals (Abundance) 
Total 'Number of l'axa (Ricbnerns) 
HihenhoflFtfintic Index (K3I) 
Percent Two Dominant Tsxa 
Percent Chonomidae 
Total Number of E;PT tax6 
Number of EW indtvlduds 
Percent EPT taw8 
Percent Ephememptera 
Percent Plecopteta 
Percent Tnchoptem 

3.7 Water Chclnistry Andysis 

USEPA personnel have collacted wster chemistry m p i a  Tor analysis as described tn the E1S 
document. Those data are ineludcd herein sa b t  coaiparisons can be made be;t%~enthe treatment 
clssses w ~ t hregard to the water chemishy. 

Please note that while no &ta ~nclucledherem were diwatified due to qualityssswrtnce problems 
with the USEPA conttat labomtones, the resulb of the d y s i s  a e  &am the "frmt contract 
tiihoratory" m d  were excluded from same @fthe USEPA'$ malysts due to perceived problems with 
the laboraory Despite the potentiat quality tssues, the data art; rrrclwded since they rcpres$nt the 
o d y  water quality information availLihle fimthe study period. The data should be interpretedwlth 
caution. 

Wskr chemistry data were iindyzed using the CILM procedure on the ranked data followed by 
t-test cawr tsons ,  Strlt~st~caiBonferro~~ cczmparims between the filled, Rlldres~dmttaland 

m i n e d  sl&s were made where possible. Sample size was sometime limiting 

USEPA pemnnel have performed finb~tatassessments and collected substrate information at eaeh 
sampling location as described in the preliminary draft EIS document. Those dala are i~cluded 

Tohl habitat scores md measured valw relatingto habit@variabilitywere analysdusing t.heGLM 
procedure otl the ranked data followed by Bunfemni t-test comparisons Statisttcal comparisons 
between the frlhd, fitwresidentxal and unmined sites were made when: possible. 

4.0 RESULTS 

The I I bio-assessment metrics c%lcuhted for each monitoring station and seuon are provrded 1~ 

Table 3 

When the benthic m e t c r o i n ~ t e b ~ ea m p b  w e  collected in the Summer 1999index period, pix  of 
the sewn reference stre= within the Mud River, Spruce Fork md bland Creek watersbeds were 
dry or had insufficient flow to collixt a ssunple, In cantmst, aI1 vdley fiil ~ninpinfluentlnced 
manitomkg stmom M flowing watm in the summer md could be smpked. Due to tbe iwk of 
reference tnfomhorm, no campmisons c& b the reference conditms and the figled 

ought copditicms, low flow cooditrons 
rhe year make evaluation ofmining influmes drfticult. 

It appears that the p m w c e  of fills In the watix&d m y  minimize the effects ofdrought condttions 
by suppfpga  m e  consismt flow of water to the frendm&rstrems. E3a1vw%r,the blchlal impacts 
that Jrought conditions have on stream conununi~es are vwisbte depending on the led& and 
seventy of the drouw mdiheexlent of rehgia avltilabie ffarbenthic macroinvertebrates to lahabit 
until surface c o n d ~ t i m  are mope fawrsble. The ~rnpacb that the d m & t  in 19W had on the 
reference streams are unknown. 

Data collected from the filled, fillcdiresidential, and Bowing w m e d  sttes in the three watershe& 
are presented in Table 4, 

As wwmt in the Summer 1 9 9  ing eveat, all the reference strtraws witkin the three 
wterxheds were drq. &wing the fall period. One of the filled monitoring slttinns was dry 

999index pwiod. As mn&cate$p~vtowty, due to tke fmk of refermice informtio~h 
can be drizw between the reference conditions 8nd the filled and filte&fesideatid 

conditions. 

Data collected &am the filtt?d and Erlledire~ide-ntial sites In the three watmheds are presented in 
Table 5. 

-
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All 2 1 monitoring stations had flowing water durma, the Wm&r 2000 index priad, although one 
monito~ing station was completely frozen over a d  samples were not coilected dunng the Winter 
2000 sampling evmt. S u m  statistics for each site sampled are given in 'fable 6. S u m t ~ r q  
sttitistics for each ofthe site typw (reference, frtled, or filled/restderrtltll)are tnctuded inTablc 8 and 
the &a we presented mptricaily in Figures 4 to 14 Boxplots ase constructed ustng the average of 
the surber m p l e s  to rapresent one data point for each sib. 

Datzt from the three goups were c o m p ~statisttcallyusing a general linear model prOGedlm: on tlre 
ranked data Where staristically slpificant differenees were found betmen the groups, pairwse 
comparisons were m&e using t-tests wrth the Bunfetton~ adjustments. Results of the s~tisticsl 
andysis are pre~ented in Table 9. A$ is indicgted m the table, the &st difference betwen tfre 
goups 1s tn the percent mayfly metric folhwed by the petcent EPTBpmsnt chiron~mids, and 
percent two domknant ma.  The filledireshntial srtes wafe simfficruttlydiffemt h m  the unmned 
sites for ore*& of the eleven metfics. The filled sites were significantly diffefent fmm the urr1~1int.d 
sites for two of the eletm metrics, percent mayflies and percent two dominant tau ,  

The Fimctional feeding group for each tdenitlLed family was determined. F'unctiotlktt feeding groups 
are clmsifr~tinnsb t  distrnlgursh i n s e t s  baed on Cbe mmner in which they process nutrients. For 
example, a collector filter is  an orgmzrn wbich frltas nutrient matend &am the water column. 
Exmining functional fedmg groupsm y  indicate to wh& degree astrem segment is 
a partrculat food resource (Metrift and Cummins, 1984). The function f e d i  p u p t i  wetre 
~prmented pphicgliy for the fiflerl, fillediresidcntial, and unmincd saes (Figwt? 15). The filter 
feeders ~ncrertsed in the frtled and filWresidrxltial gites with respect to the unmined sites. The 
coilectw p u p  ~ncreetsed m the?fille&msid~iril sites ar compated wtth the unmined andfilled sitee. 
scraper^ declined in the fitled and fille#rmidentid sites with m p c t  to the mm%n& sites. 
Shredders ~ncseased 8IafShtly below Qe filled sites but declined b the f i l ledfmiht fd  sites wtih 
respect to the unmned sites. Predators were sunilrluiy represented in the filledand mid sites but 
dcsreased in the frllediresideatt~l sites. 

Stattstical analyses of the data indicate t h t  coilector-gatherers were significantly higher in the 
fillediresidenrial sdes as compared to the unmmed sites fT&L 10) Represefita~vmof the piercer 
feeding group were also wpificcantly reduced in the filledwidmttat sttes as compared with the 
unmined c~~tegory; however, there were so few p i e ~ e t sid the p~pulatton th@ the diFE0~ences are 
sI~gk:ktt.Otganrsm from the w - a p r  functiotml feedinggoup dominated rfisunmimd sites tsd wfe 
a~gn~fieant!ygreater than represefltatlver ofthis tkctloml feeding p u p  wrth respect to the filled 
a&%. Of part~c~lafs i g n i f i c e  is the sirnihty between the unmincd a d  fi l ld p u p  with m s p t  
to shredders hhvtnp 1 9.3 percent m d  25 pement of each comunity coqrrrred of these individuds, 
respectively Also noteworthy is the mcrease icl ~ ~ ~ $ @ ~ w - c o ~ ~ c ~ o ~ sin the fiffed end fiiledbsidentia1 
groups, which could be attributed to incpesw in the o n k  lllplrts. The WWS of organic 
enrichment would likely be domestic lnputs at the filIed/residm~al sites md the pond influenceat 
the filled sites. hcreases in colfectors, particularly fitter feed+?%, below irnpomdments are well 
documented m the literature (Allen, 2000; Stanford end Ward, 197%Petts, 19841, 

s W flowrng water duringthe Sprin 2000 mdex perid andsamples were 
cpiiwted from emh station except MT-24,which was not m p l e d  due to subiarate lun~tations. 
Summy statistlcu for each si* wqk! are given in Table 7. Summrvy slatrstics for each ofthi:stte 
types ( r e f m c e ,  filled, or fifled/residcntid) are included in Table I I ,  and the data ate pmsented 
prqhicrtlly in Figures 16 to 26. Boxplots are coastrucred using the average of the surber samples to 
repre.wnt one datt, potnt for each site. 

As with the. winter index period, data from the three groups were comp~edstatisticrtlly usrng a 
p n m f  linear model pmedure on the ranked data. Where stat~sbcally significant differences were 
f a d  between the gmups, pairwise compmsons were made: u(~mgt-test8 w t h  the Bonfenoni 
adjustments. Results of the statisical arralysiearepresented in Table 12. 

As shown in Table 12, the greatest diRsrence bt.hKwn the groups is m the percent mayfly metric 
folbwed by the jxrccunt EPT, percent chirmomid~, HBI, and p e n t  two dominant bxa 'Fhe 
AliecE/r&sr&nt.rd s~tes were significmab different &om rhts unmined sites for six of the eleven 
metric& The filled sites war: siepltflwtty diRemnt frm the unmuled sites for five a f t b e  cttemn 
metrics, including: EPT r~chness, percent Plecoptera, percentEphemempbra, and ).TBI. 

St&isticaf analysis of the data indicates that then wwe no stalrstical differences between the 
um~ned,filled md fi t ldres~dmtid with r e s p t  to the cotkector-~athe?iy:rs~ scraper%, or 
piewers (Tabfe 13). ColEmtor-gathemn dominated all treatments. Shrcd$c~s were agnrficantip 
lower in tbe f ihd  atnd fiiledlresidmtiaf s t ~ s  tlrm the mined sites and filterer-collectors were 
stgnificadttygreater in the Elled md frlldfrasident~al sites tkan the unrnined, Pr&atnrs were agam 
srgnificantly reduced tn the fillwfiresi&ntial sitas m compared with the unmined. 

USEPA prsonnei have collected Hrilter chemisw samples for malyuru as desrilred in the EES 
document Those dab d i m s e d  herein are included in Tltbles 14lind 15 with s u m a ~ &sshowurg 
statistical comparlsom given in Tables 16 snd 17. 
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Selected habit% and substrate paramaers were cornpar& with the metrlcs found to indicate 
~rgruficant differences between the unmlne& fttled, and filled/residential ares Thedata used m the 
comparisonsare inctuded m Table 18 and the rwults ofthe statistical comparisons are included 1.n 
Table 19 

This report is a presentation of the benthic rmtcreinveflebrate &trr at the famlllat tevcl. The study 
focused on the Mud River, Spruce Fork, and Island Creek watersheds. There wm a droutght during 
the Summer and Fall 1999 index periods, 

5.1 Draught Effects 

The mjortty of the reference strerns withm the t h e  wtnlenheds were dry d u r q  the summer ratld 
frtll indtm perrods in contrast,valley fill atattons hiflowingm r in the summer andall but one in 
the Fall 1999 index period. The extent to which the drought conditms affected thc benthic 
communities is unknown. In response to reduced flow conditions, h&er ttltnper~tures, and lower 
dissolved oxygen lev& mnciated with drought cnnd~tmns(Men, 2000, M e ,  2000; Miller and 
Gotladay, 1996),the benthic mstcroiavcttebmtecommmities may experience increased predatron llnd 
competttion, inmasing ri~hnes?i of opportunist~c specms, low abundance, and change in functional 

roup structure (Lake, 2000; M i l k  w d  OoUnulay, 1996). The w i n &  szte9, which w e e  
too flow Imited labe sampled, and to some eK:lC(ent, the fiBd,and Ftfled/sesidenttalFitreatnsm yhave 
experienced a11 or some of these conditions related to drought conditions. 

Sxrniiw drought condittons were seen ~n the fail &ex pwtod. In the Mud Rwer watershed, the 
abundance incrwed at the fitbed sttes. Richness also showed a sl~ghttncrerrsr?aswmp 
summer wnditlon. S t ~ t a f l i wwere dbmimt at the filled s*, Mr-14,and uu:med t k q h o u t  the 
watershed. Tbe~hredders from fmilies huctridae.iCafm~ii& and Tmrapterygidaa: wete prevalent, 
muld Philopotmidae, another filta Feeding caddisfly, was dominsnt in addit i~lto the 
Hydropsychhe. Chronomdae, a c~llollecta~w dominant at the filled site, MT-18. Spruce Fork 
and lslmd Creek watersheds also had increases ur &undance and moderate nchnesr As seen in 
Mud Rwm, starletlies 1nc~asoc3 in both watersheds whch also r&d the EPT abundance, 

Cornmunttiers at ions in the Spruce Pork hed were still dominated hy 
hy&opsychids wi also contributmng to thepercent 
two dommsnt taxa mr-tric. 

Dttta collected dunng the Summer and F&f of 1999 should be interpreted cmfully due to the 
stressful conditrons of the drought rtnd the lack of reference data for compvison. Owrail, s t m m s  
with vdlay 511s ate more likely to maintain flawing water candttms during dry pennds. These 
sveam~arr: domimtert by filter Feeding orgmlsms foltawcd by shredden with s m p s ,  the rime 
beetles, appearing mthe larger more open stream. 

Bentbtc macroinvertebrateda@ colSwted durtig the winter samflltng event &ow& di&wnces 
between the umnined, filled &d filled residential gotfp. Abundance wap, reduced in the unrnmed 
referenee lo~stionnpowiMy due to the draught conditions exprienwd tn the prevrous two tndex 
periods. As indicated, the effects of the fillsapfxrsrto miz~ggtethe drought nnd lrkely c~ltributedto 
the higher nbunhce  in the 811d m d  Rli&rmid~tid srtes. EfFerences between the he&hic 
mncroiavwebmte cornunities in the unmined md fitles s ~ t m  m e  evldmt in the mevics invaivmg 
the mayfly population which vkw becmased betow the fill sites, Stoneflies were prevalent in these 
sttm, however, iadicatrng that water qmlity may not be the hmitrtlg factor for the absmt mayflies. ns 
they are both smsitive ma. Befow the filledslbes, the sensxtrve EPT t a a  szil comprised anaverage 
of 50 percent of the population. 

Flm9ing stream sy8tem rely on food sourcestypically contributixt fmm upstream wgments which 
we dqxndent on allochthonous inputs, such u Imf iitter, for nutrients. The li?auesare broken down 
by shredders which eat the ieaf ma~rialand the E ~ n g iand bnclena calo~iza$ the Leaf litter Smll 
parts ofthe leaves, essoeietad and Meria,as wdl B feces f'mm thc orgamsms contribute to 
the food supply of downstream co:ollector-getrh~m and @ter feeding organiems. The streams wlth 
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vdley 5 8 s  have a sediment retention pond Eocatd typidly m the most upstream reaches ofthe 
streem just below the fill area These ponds carry out a sirnilw h c t i o n  for the up st re^ reashes of 
the strams In the partds, biologx!al comunr t~esntre est&iish& which are depndent on a!@ 
growth,not leaf litter. as s foodsouwe. The alme and detr~tal matwtal flowing from the ponds act as 
the food source for the downstreamcommunities. Since this is a more cantlnuous aad iess variable 
food supply than ieaf litter, the fitter heding and gathering organism tnmmed below the ponds, 
much like they WWM be in the douns@m r e x h a  of r ivm described by the nver cofitinuum 
concept. While this represents a Cundamenttll shiR In the biological community, the cmmunlry 
created is not neoessacily undesir&te, tits stmply different md mom representative ofacommnity 
Iocntedmuch &her downstream. 

Changes tn the benthic mcrolnvertebmt& caRununtLy strocturc below rmgoundments are well 
documented, In geneml, increme in density and b i o m s ,  pnmarify of f i k  feeders and callectors, 
usul a dccrewe In drtmity, is expected d o m t r m  of rn impaundment. These chmgw may result 
&om flow c051ytltslcy, 0 t g ~ i c  iodfng, temper@ure changes or a comh~nahon of mukirpk factors 
[Stanfordand Wad, 1979;Pets, 1984; Allen, 2000) Tempcirature chan 
role m shaping community structuse and vary depending on m y  *to 
the tmpoundment water reiwse {surface or bottom), s o w e  of water, sizeanddepth of the p n d  and 
retention time of the pond KordmttefT md VasRell, 19801, Summer coots and wint 
partirticulariy irrrprsct taxadependent on tbmal cut?+fot lifecycle eompletron. Mayflies aid 
a e  often eliminatd below impoudments and Wad, 1979). Caddidtes 
collectors anrt fifter feeders, as well as, , sopa ads, gasrropods, ofigmhaetcs, ~ ~ 1 d  
turbeltarians often increase: (Stanford and Ward, 1 979) 

Also dintcrest below the Elis 1s the presence of a shredder community veq  similar to tlte anmined 
reference stre~m.f t  itppf-8tkat twflttter atld (fetrir~sare$tdl availtrbtsjeasa food source for these 
o r g m m s  m addition to the pond inputs, In streams where ~ b lestablished riparbzone is inplace, 
swaeflies of the familtcs teuctndae, Gpniidse, Tctnaepatt:y$~dae, and Nemouridae comprrse the 
shredder comudttes m urtmhed ma9 and below the fill a m .  ' h e  slmrlar comrnunitier: in the 
filled and unmined strems irmd~mte that the downstrcrunm h e s  of the s t r m s  we being supplied 
wtth the coarse and f i e  particulate organic mater~al which we the major contribution of hewhater 
teaches described m the river continuum theory (Vannote, et al., 1980). 

Dunny the winter swkplmg wen&the prmntage o f  scmprsa was high ~n the unmined metis. This 
community,pmarily compowd of the myfly,Arneletdae, and ih beetfe, Elmidae, was lower in 

reflectth iry2 food source below the ponds and may be indmtivc ofthe filled mt~swb& m ~ y  
with the filter feeders imtors which mreesed below tbe filhand ponds Tlrrsc;ornp&~t~on 

shift away from the scraper Rbuttdllncrrin the fill& site$contributesst@ilicnntly to the decline in the 
maflies belsw the filled sites. E-fw~fsethey 
comtlnity tnay appear to mdiatte commmity d 
representedas being Indicative of poor water qndity due to the fills. While this may be tfie case, it 
cannot be overlooked t b t  the entrre s ~ ~ p e rwmmnity  declines tn the 611 sites, not just the 
mayflies. ThIs xncludes mwits,beeties (riffle btwtlm and waerpefinys) andme caddtsny taxa Thts 
type of shi ft away &om a h c t l m a f  feeding group i s  most likely related to a shift m the food sowe. 

Arch Cod SujyAementat MTRPv'F EIS Study &port. September 2003 Page 15 
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is most likafy cawed by h~rcaseddissolution of min 
commonly found m the ,mdstone andhales disturbed by mining sctwity. Jncrmsed sutfyd:e m a  of 
fragmented rock and exposure to the elemen& increases weathmng rates, resulting In higher 
concenrntions of alkaline or bm3c ions in the runoff. This tends to be the case s e p d h s  of whether 
the rock rnatetial remains m top of the mined area or placed m Wlle. 

in the Urmter 2000 data, only 14 of the 33 water chemistry parameters meesltied by the USEPA had 
sufEcrent s m p k  sizes for statistical campwisons of all three groups Of thew patnetem, all b d  
three were s i ~ ~ f i a n t l ydtFferent in the m i n e d  w m m p d  to the filled and e~ght were 
sign~ficanllyd~fferent between the unmined md the ADeWibential. Ear three of the parameten, 
wfficient data were awil8le to sWstically compnre the only the unmined and filled ~ltcsg Sample 
sixes of filledlresidental sit@ were imufficienk for stEltrstical compatraom, Of these thee 
papifmetem, selenium, antrmony and led, all three were found to be significmtiy htghm in the filied 
sites as compared to the mrnined The ak11ntt-y of the u m i n d  strmms was exkmely low, 
averaging only 13.31 mdl CaC03. Tht, filled and filledire8tdential sites had s~@~frcantlghigher 
bufyanng mpatxty than the unmined s~tes which is a simificant benefit to the aquatic life rn rhe 
shea~trs While h e  pH OF the unmrned streams was in the six to eight irtandsd umt mnge 
( s i ~ ~ t i c ~ n t l ylower than the filled and filledimidential sites), due to the reduced s m b u % r i n g  
capctty, acrdic pr,rec.~prlation could cmse excuwbns of the pH k i o w  the acceptable levels. 
Similarly, calcium and mapesrum, whtch make up total hadnew, were bothhtgher in the filled and 
fillediresidential streams. Hardness mitigata r n d s  taxtcity to aquarie organisms rind may be 
important because metals, like selenium and led, were pwsent m dl stream t p s  

The levetls of other ions, such as chloride, nztnte, sodium and potassturn, were sLatrsticaliy 
significantly eiev~sted However, the low levels overall fbely have no btolqgrcal significance. 
Sutfrtte, whlch 1s a component of rock &&that drsf;olves and leachw into the water, is significantly 
higher in h e  filled and fille#resi&ntiaI sits as compared with the unmined. This 1s llkely a 
significantrnntrhutor to the hi& conductivity rneasmd in the field. 

Parameters such as iroa andmnn me. which we tjpicrrllyassocrated with the miningactkv~ty, were 
elevated in samples mllected at the Riled and filladh.es~&~sha!sites with respect to the umined 
sltes Wowwee, all the samples %*err?weii below then' rtsswiated water qualitycr~tctirtandnottn the 
range of causing biological impairment, Aluminum met the acute water qudity crit& There WM 
insuEfrcient d ~ t aon these k c  metals for comparisons between rho treatment groups, 

The sites were scored asmg tbe USEPA rapid koassessmeni procedures habitat anaiysir rnetrtcs in 
add~rionto subirtrate measurements. There rverefew differences betureen the Witat  and s&strates 
at the unmuted, filled and ftlleddmsidenttpll sites. The fille&residgntlal sitestended to kfrom hr&er 
order s h e m s  which mey explain some WEerence in the communities at those sites Thrs ma): also 
indicate that the retferm~e streams used in his atudy me not appropriate to represent expected 
communities at the filftxlircsidential sites. The only signifiwi differenec m habitat characteristics 

5.5 SprhgBenthic ficroinvembmtes 

As in the winter sampli event, diffemnces are seen between the rlnmtned, filled, and 
filfedSra9ldentrdl s~tes, A b & n c e  wris still lower Inthe reference strestms as compared to the filled 
and filied/pcsrdentd stweam. This may mu1t from the previous summot's droaght conditions or 
refleet differences tn k d  supply or other veriabks between the tteatment groups. The ERT 
abundme w similar between the filled and ranmined ~tn:mbut higher m the filldresidential 
streams, which indicates the imreme ur the 5tte.r Feeding caddlsffies as described m the winter 
sunpiing event. The percentage of EFT organisms dwresed slj&tly in the filtsd sttes with respect 
to the unmlned sites muking: from a decrease in prcmt  staneflres The percent maflies i n c r e ~ e d  
shghtiy, Five of the eleven mr;trics were significantly diffmnt in the fitted treatment with r e s p t  to 
the unmined condit~ons. These rnelrics were primarily ttxrse associated with the B I T  taxa and the 
HRI. @etaii, venability incrwscd in the fitled s t t e m  with r e s p t  to the urunined streams Agaiajn 
this indicates ehat while the wmmuntties at some sttes may be different fmm the reference eondibon, 
this is not true of ait B e  fill& sites. The percentage of EPT individuals in tke uomined streams 
changed wry little fmm the water smp1ing ev@ while the same metric dropped 10 percent in the 
fiIM sites. This trend uts mmimmd in the pf:rc&t pl&aptmi metric where there were 19 and 2 1 
petcr:nt stoneflus in the refemnce s t m s  (winter and spriw, respectiveiy) md 24 and 1 1 percent 
stoneff ies m the filled streams (winter md spring, respwrlvtly). Caddrsfltes atso deerwed inhe& 
papulakions, md the @ieu incremed in both populatians. The sipficant difference m the EPT 
related metrm results from the sigdificornt difi'erences In tht: stondies The deslme in stone-fly 
numbers bemeen the two w p l m g  evmts perhaps results from the emerFtlce of stoneflies m filled 
sitm earher &an their counterparts m the refewneestreme due to the m e  consistent temperatures 

s. This is supparted by the s u b s m l l  decrease in theshredder population in the 
filled s i t s  w ~ t hr e g p e t  to the nnmmned sttes. The HBI incressed in both the wmind and the filled 
sites wi& tbc 16%~ofthe sensitive Plwoptera taxa prob&ly contributing to the agnificant diffmnce 
between the txearments This is supported by the fact that the petcentage of Chironomldrle did not 
mcreme in either the filled or the hemined srtes, whtch would have ~ndicateda shift toward a more 
tofemt population. 

spring when I d  cover This effect is pwnaunced in the filled md 
fitldresidentlal sites dae n in the ponds with hcferrsmg temperatures which 
provtdcs s food supply fo than &at what would mcar in typtcal headwater 
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The Rlldresident~al sites -re sigmfi t &an rhe m i n d  site8 for six of the ehven 
merncs measure& In the wmter s v 1 I  were eight mmcs sipifimtly diffment wrth 
the overall abundance and the EPT abtlndance being more simiirrr in the spring event. The increased 
W T  Hbundmee indicates the prev~owlymetrtromd betid increases m the 8iiedlmidw1tkl sires 
Like the filted sites, the frllcdiresrdential sires also had mcreapies in the c o l i ~ t a r I ~ t h e e r  m d  fitte~er 
functional fcding goups and a in the scraper cmponent of the community. 

In the Spnng 202000 wmplmg event, 18 of the 35 w a r  chemistry parameters measured by the EPA 
had sufficient sampie s i m  for statistical compxuisas. Of these parameters, a11 but four were 
9igniGcantly di@er%nt in the unmind sit&& compadfo  the f i k d  sites, nutd ten were si 
differenthkween the umined and the f i l ldtcs iht id  Field chemistry analysis W I ~ Ss~rnilarto the 
winter rimpl'mg event with conductivity and pH significantly higher m the filled and 
frlle&r~ldcntd sttcs as cornpitred with tke unmind sites. The higher ternpcraaLres and dissotved 
oxygen m the Riled wind frllad/resident~alsittrs that ww evidentdunng the colder win* months wss 
not apprent m the spring season. 

tlters with lrufficfent sp~hplasizes for $tatist~cafcarnpatiwlt~ were sfightfy 
different in Spring 2000 from the Winter 2W smpling event. Pafzltnders memw& in the winex 
showed srnitar trends to the prevrtlus samplrrig went withalkalinity andh d m m  A~tedp m e k m  
highest in the filled sites. Totd organic carbon was signifrmtly higher In the filled sites algain 
mndicating a food source for quatic orgmmms. Orher ions, wch B chhlortde, nttrate, solStum aad 
potassium, were sttlti~tidly sipificantly etevatd, however, the levets are so low o v e d  that they 
likelyhave no btologtcal sigaificence. Sulfate, was again elevated tn the Filkd and fille&residmtid 
sires 

Parameters rneiamrd in the Spring 2001 'samplmfy, evmt h t  were not measlid in the previous 
smpltng event tncluded: drssefvd organic carbon, tad iron. total dissolved &ds and total 
suspended sol&. Like total or rc carbon, dissolved orl~an~c was aim sipificmtkyh&n 
m the EHed sites bxilp~redwith the unmmned srtes. Taw1 alu~pendt?dsrttidv was similar among the 
three treatments The average iron concenmtlon was hi&a in ahe filled and filled residential sttea 
althaugh nor significrurtly higher None of the avmg: lrcm concenttatiotlu 1n either treatment 
approached the w a h  quality stnndwd for Iron, so it is wrlibdy &at tfrts parmete1 will ha* 3tny 
brologieal effects. 

6.0 CONCLUSIONS 

Cnmpas were seen in both the benthrc mitcro~nvenebrate community and water chemistrybetween 
tho unmined s t m s  and filled and filledire~identid reaches, Differences between the u m i d  
&reams and the filled s ~ r t m smay be related w drdtt"encesk tanpemture regme3 (and thm&m 
emergenee tunes), the pe=nce of ponds (additional food some), andwater chemistry differences 
between the treatmentit. Differences in stream order may also contribute to the diffwnw between 

Muoh informatron hw been published on the effpicts of rninrng on beahic macroinva~e!bm& 
comamty strU~tUr~ Ammg the most ssignifi~mtd e w i l y  impas  is e mdwtion m the 
sensitive EPT tkura (Beltman, et el, 19991, panic~:ularlyma stonefires whch would be 
accompanied by a h i A  toward s mote tolerant commantty 'In recent ywrs, several authors have 
further reported thnt some stoneflies were not only present but h i n m t  in mining influmeed 
atreams where mayflie.3 wem redwed (Carlisiie $Clernents, 1999) While maing related impacts 
are often tied to metals, it IS not a k a p  evtdent whether other fackors such as~ ~ r n e n m t i o n ,pH, and 
other dissolwBd ions, mcbas sulfate, art:also imofvwi in commmirystructure changes. Thr:c m n t  
shtdy also indrcatss that ch in comunrty structure may result F t m  the prewnce of pods  
which provide a diffe~wtfood source. ALI of &me pdentd G 

general, not memrjarilyto the p t i c e  ofvdiallcy fi11 cmtwction. 
~kmWtiyand Mologd communities which ase described En ihas r(rpart, none can be Itttributed to 
the f i l l  specifically irnd aH potentilt from mil  mining, rod codstnrchon vr midentral 
dwlopmcnt A&itio~tly, the sane in both Wer chemistryand biologtcal cornmumtics 
remit f m  scale development projects, md on:enctnactionand processing operahang (are atd 
gold extraction, stel mllfs, smellers). 
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7.0 CLOSING 

Potesta & Associates. lnc. hm antwiired this reme describine the activities associated with the 

the clnent. Areh Coal, Inc The survey mpiiag w a  conducted in accordance with generally 
accepted enviromentai prsetices and pideiiaes. 

Respcctfulty Submitted, 

a/+ 
Vice President, Environmental Consulting 

Senior Scientist 
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~Wonit~rdngS&mW i f W  the Mud R i m ,  Spmez Fur4 a d  Islbnd Cr& l i /&@~~ke& 

i a  locatedw W % l y  1.2 &uptroam of I 

A &ur& &ex at ra t&  as foeatid 1n Blair, d i~ct iy  upstreamaf 
Branch Site is doww&am of 9vdley 

A thud order &ream, a lw&Wappximte:ty 4500 feet upstream of1 II confiueme with 9 p c e  Fork I
1 1 Branch 1 
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The factmtEPT individuals chmterizes the pereat of 
sensitive EPT organismspresent in the wsnpIe It kexpected 

se to incremexi pewbation within the 
qZEBtrC WOsyBtrn. 

The pcmmt Ephemerophm chmcttrrizes the pmmt of 
myfliaspresent inthe sample. It is expected to dcterea~ein 

perturbation withirr the aquatic 

Percent Ephemcroptera 

Percent Trickoptera 

, -
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